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Executive Summary 
This Remedial Investigation (RI) Sampling and Analysis Plan (SAP) was prepared by the United States Department 
of the Navy (Navy), Naval Facilities Engineering Command (NAVFAC) Mid‐Atlantic Division, under the 
Comprehensive Long‐term Environmental Action—Navy (CLEAN) 1000 Contract, Contract Task Order (CTO) 055, 
for submittal to NAVFAC, the United States Environmental Protection Agency (USEPA) Region 3, and the Virginia 
Department of Environmental Quality (VDEQ). The Navy, USEPA, and VDEQ work jointly as the Cheatham Annex 
(CAX) Partnering Team.  This SAP was written in accordance with the Uniform Federal Policy (UFP) for Quality 
Assurance Project Plans guidance document (USEPA, 2005) using the modified Tier II format.  

CAX encompasses 2,300 acres east of Williamsburg, Virginia, between Interstate 64 and the York River on the 
York‐James Peninsula (Figure 1). The majority of CAX is undeveloped and heavily wooded.  Major surface water 
features at CAX consist of Cheatham Pond, Jones Mill Pond, and Penniman Lake, and the base is adjacent to the 
York River.  Area of Concern (AOC) 8, identified as the Area South of Site 7, is approximately 1.5 acres in size and 
located within a bermed area along the York River, northeast of the intersection of Chase and Lynch Roads (Figure 
2). The site consists of surface and buried debris, with gravel and ballast rock on the ground surface. In a small 
area of the site, buried debris (pipe, metal, and wood) is visible within the side of the berm. 

This SAP details various aspects of the environmental investigation process that will serve as guidelines for the 
field sampling event to gather the required soil and groundwater data to conduct the RI, which will incorporate 
the newly collected data and existing historical data. This document will ensure that collected environmental data 
are scientifically sound, of known and documented quality, and suitable for intended uses. The laboratory 
information cited in Appendix A of this SAP is specific to the laboratories that were selected based on a 
competitive selection process and possesses the necessary Department of Defense (DoD) Environmental 
Laboratory Accreditation Program (ELAP) certification for the analytical methods required by this project.  In the 
event of changes, revisions will be submitted to the CAX Partnering Team prior to commencement of fieldwork.  
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Acronyms and Abbreviations 
°C  degree Celsius 

µg/L  microgram per liter 
µg/kg  microgram per kilogram 
µm  micrometer 

%R  percent range 

AM  Activity Manager 
AOC  Area of Concern 
AQM  Activity Quality Manager 

bgs  below ground surface 
BTAG  Biological Technical Assistance Group 

CA  corrective action 
ALS  ALS Environmental 
CAX   Cheatham Annex 
CLEAN  Comprehensive Long‐term Environmental Action—Navy 
COC  constituent of concern 
COPC  constituent of potential concern 
CSM  conceptual site model 
CTO  Contract Task Order 
CVAA  cold vapor atomic absorption 

DL  detection limit 
DO  dissolved oxygen 
DoD  Department of Defense 
DPT  direct‐push technology 
DQI  data quality indicator 
DQO  data quality objective 
DV  Data Validator  

ELAP  Environmental Laboratory Accreditation Program 
ENCO  Environmental Conservation Laboratories, Inc. 
ERA  Ecological Risk Assessment 
ESV  ecological screening value 

FID  flame ionization detector 
FTL  Field Team Leader 

g  gram 
GC/ECD  gas chromatography/electron capture detection 
GC/MS  gas chromatography/mass spectrometry 

HASP  Health and Safety Plan 
HHRA  Human Health Risk Assessment 
HMW  high molecular weight 
HQ  hazard quotient 
HSM  Health and Safety Manager 
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IC  ion chromatography 
ICAL  initial calibration 
ICP‐AES  inductively coupled plasma‐atomic emission spectroscopy 
ICP‐MS  inductively coupled plasma‐mass spectrometry 
ICS  Interference check solution 
ID  Identification 
IDW  investigation‐derived waste 
IS  Internal Standards 

Kemron  Kemron Environmental Services, Inc. 

LCL  lower criteria limit 
LCS  laboratory control sample 
LIMS   Laboratory Information Management System 
LMW  low molecular weight 
LOD  limit of detection 
LOQ  limit of quantification 

MCL  Maximum Contaminant Level 
mg/kg  milligram per kilogram 
ml  milliliter 
mm  millimeter 
MPC  Measurement Performance Criteria 
MS/MSD  matrix spike/matrix spike duplicate 
MTBE  methyl‐tert‐butyl ether 

NA  not applicable 
NAIP  natural attenuation indicator parameter 
NAVFAC  Naval Facilities Engineering Command 
Navy  Department of the Navy 
NC  No Criterion 
NTR  Navy Technical Representative 

ORP  Oxidation Reduction Potential 

PAH  polycyclic aromatic hydrocarbon 
PAL  Project Action Limit 
PC  Project Chemist 
PCB  polychlorinated biphenyl 
PCE  tetrachloroethene 
PDM  Project Data Manager 
PID  photoionization detector 
PIL  project indicator limit 
PM  Project Manager 
POC  point of contact 
PPE  personal protective equipment 
PS  post spike 
PSLP  Penniman Shell Loading Plant 
PVC  polyvinyl chloride 

QA  quality assurance 
QAO  Quality Assurance Officer 
QC  quality control 
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QL  quantitation limit 
QSM  Quality Systems Manual 

RI  Remedial Investigation 
RPD  relative percent difference 
RPM  Remedial Project Manager 
RSL  Regional Screening Level 

SAP  Sampling and Analysis Plan 
SI  Site Inspection 
SOP  Standard Operating Procedure 
STC  Senior Technical Consultant 
SVOC  semivolatile organic compound 
TBD  to be determined 
TCD  Thermal Conductivity Detector 
TCLP  Toxicity Characteristic Leaching Procedure 
TOC  total organic carbon 

UCL  upper confidence limit 
UFP  Uniform Federal Policy 
UPC   Universal Product Code 
USEPA  United States Environmental Protection Agency 
UTL  upper tolerance limit 

VDEQ  Virginia Department of Environmental Quality 
VOA  volatile organic analyte 
VOC  volatile organic compound 

WWI    World War I 
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1 Project Organization 
1.1 Project Organization Chart 
The project organization chart (Chart 1) includes lines of authority and lines of communication. 

CHART 1-1 
Project Organizational Chart 

Regulator and Stakeholder Agencies 
Susanne Haug - USEPA Region 3 (215) 814–3394 

Wade Smith - VDEQ (804) 698-4125

Contractor Activity Quality 
Manager (AQM) 

Doug Bitterman - CH2M HILL 
(757) 671-6209 Comprehensive Long-term Environmental 

Action—Navy (CLEAN) Program Chemist  
Anita Dodson - CH2M HILL  

(757) 671- 6218 

Sampling and Analysis Plan (SAP) Reviewer 
Brett Doerr - CH2M HILL  

(757) 671-6219 

Senior Technical Consultant 
(STC) 

Doug Bitterman - CH2M HILL 
(757) 671-6209 

Health & Safety Manager 
(HSM) 

Mark Orman - CH2M HILL 
(414) 847-0597 

Project Manager (PM) 
Stephanie Sawyer - CH2M HILL  

(757) 671-6273 

Field Team Leader (FTL) 
Toby Stewart - CH2M HILL 

(757) 419-0430 

Line of Communication 

 Line of Authority 

Sub-contracted Laboratory
ENCO Laboratories, Orlando and Jacksonville  

 (407) 826-5314 

Third Tier Laboratories 
Columbia Analytical Services, Rochester 

 (585) 672-7473 
Kemron Environmental Services 

 (404) 516-3172 

Data Validator 
Herb Kelly – CH2M HILL 

(352) 384-7100 

Project Chemist (PC) 
Clairette Campbell - CH2M HILL 

(757) 671-6335 

Utility Locator 
To Be Determined 

(TBD) 

Drilling 
TBD 

Surveyor 
TBD 

Investigation-derived 
Waste (IDW) 

TBD

Activity Manager (AM) 
Marlene Ivester - CH2M HILL 

(757) 873-1442 x41634 

Lead Organization Chemist/Quality 
Assurance Officer (QAO) 

Jan Nielsen - NAVFAC Atlantic 
(757) 322-8339 

Lead Organization 
Navy Technical Representative/Remedial 

Project Manager (NTR/RPM) 
Scott Park - NAVFAC Mid-Atlantic  

(757) 341-0481 
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1.2 Communication Pathways 
The communication pathways for the Sampling and Analysis Plan (SAP) are shown in Table 1‐1. 

TABLE 1-1 
Communication Pathways 
Communication Drivers Responsible 

Affiliation Name Phone Number and/or E-mail Procedure, Pathway, etc. 

Communication with the 
Department of the Navy 
(Navy) 
(lead agency) 

Naval Facilities 
Engineering Command 

(NAVFAC) Navy 
Technical 

Representative (NTR)/ 
Remedial Project 
Manager(RPM) 

Scott Park  (757) 341‐0481 
scott.park@navy.mil 

Primary point of contact (POC) for Navy; can delegate 
communication to other internal or external POCs.  Any issues 
that may impact project work are to be reported to Scott 
immediately. NTR/RPM will notify the United States 
Environmental Protection Agency (USEPA) and the Virginia 
Department of Environmental Quality (VDEQ) via email or 
telephone within 24 hours of field changes affecting the scope 
or implementation of the work. Navy will have 30 days for SAP 
review. 

Communication with USEPA 
Region 3  USEPA RPM  Susanne Haug  (215) 814‐3394 

 Haug.Susanne@epamail.epa.gov 

Primary POC for USEPA; can delegate communication to other 
internal or external POCs. Upon notification of field changes, 
USEPA will have 24 hours to approve or comment on the field 
changes. Responses will be communicated via email or phone. 

Communication with VDEQ  VDEQ RPM  Wade Smith  (804) 698‐4125 
wade.smith@deq.virginia.gov 

Primary POC for VDEQ; can delegate communication to other 
internal or external POCs. Upon notification of field changes, 
VDEQ will have 24 hours to approve or comment on the field 
changes. Responses will be communicated via email or phone. 

Communication regarding 
overall project status and 
implementation and primary 
POC with Navy NTR/RPM, 
USEPA, and VDEQ 

CH2M HILL Activity 
Manager (AM)  Marlene Ivester  (757) 873‐1442 x41634 

marlene.ivester@ch2m.com 

Primary POC for stakeholder and agency managers; can delegate 
agency communication to other contract staff as appropriate. 
Oversees project and will be informed of project status by the 
Project Manager (PM). If field changes occur, the AM will work 
with the Navy NTR/RPM to communicate field changes to the 
USEPA and VDEQ via email within 24 hours. 

Communications regarding 
project management and 
implementation 

CH2M HILL Deputy 
AM; PM  Stephanie Sawyer  (757) 671‐6273 

stephanie.sawyer@ch2m.com 

Primary modes of communication are phone, email, letter, 
document submittal; timing dependent on nature of 
communication and predefined schedule as applicable and as 
requested by stakeholder agencies. The PM will have 24 hours 
to respond to the request for field corrective actions (CAs). 
Responses will be communicated to the Field Team Leader (FTL) 
via phone. All information and materials about the project will 
be forwarded to the AM on a daily basis. 
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TABLE 1-1 
Communication Pathways 
Communication Drivers Responsible 

Affiliation Name Phone Number and/or E-mail Procedure, Pathway, etc. 

Technical communications 
for project implementation, 
and data interpretation 

CH2M HILL Senior 
Technical Consultant 
(STC) and Activity 
Quality Manager 

(AQM) 

Doug Bitterman  (757) 671‐6209 
doug.bitterman@ch2m.com 

Team members will contact the STC regarding questions and 
issues encountered in the field, input on data interpretation, and 
so forth, as needed. The STC will have 24 hours to respond to 
technical field questions as necessary. Responses will be 
communicated to the PM via email or phone. In addition, the 
STC/AQM will review data and deliverables as necessary prior to 
Partnering Team discussion or distribution. 

SAP/Work Plan Changes 
prior to Field/ Laboratory 
work 

PM  Stephanie Sawyer  (757) 671‐6273 
stephanie.sawyer@ch2m.com 

Notify the Cheatham Annex (CAX) Partnering Team by phone or 
email of changes to the SAP made prior to beginning field work 
and the reasons within 24‐hours.  

Field Progress Reports  FTL  Toby Stewart  (757) 419‐0430 
toby.stewart@ch2m.com 

Email or fax daily field progress reports to contractor PMs on a 
weekly basis; telephone communication with PMs on an as‐
needed basis. 

Stop Work due to Safety 
Issues 

Site Safety 
Coordinator 

Toby Stewart  (757) 419‐0430 
toby.stewart@ch2m.com 

Notify field personnel that work is to stop immediately if a safety 
issue is observed.  Report all health and safety incidents and 
near misses to PM and Health and Safety Manager (HSM) via 
email or phone immediately if an incident occurred or within 24 
hours if a near miss occurred.  

SAP/Work Plan Changes in 
the Field  FTL  Toby Stewart  (757) 419‐0430 

toby.stewart@ch2m.com 

Notify the PM by phone and email of changes to the SAP made 
in the field and the reasons within 24 hours. Documentation of 
deviations from the SAP will be kept in the field logbook; 
deviations made only with the approval of the PM. Approvals 
will be made via email or phone. 

Field CAs  FTL  Toby Stewart  (757) 419‐0430 
toby.stewart@ch2m.com 

The need for CA for field or analytical issues will be determined 
by the FTL and/or senior risk assessors and STC. Senior support 
will ensure SAP requirements are met by the field staff. The FTL 
will notify the PM via phone of any need for CA within 4 hours. 
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TABLE 1-1 
Communication Pathways 
Communication Drivers Responsible 

Affiliation Name Phone Number and/or E-mail Procedure, Pathway, etc. 

Reporting Laboratory Data 
Quality Issues  Laboratory PM 

Environmental Conservation 
Laboratories, Inc. (ENCO) – 

Ronnie Wambles 
ALS Environmental (ALS) 
Rochester – Debbie Patton 

Kemron Environmental Services, 
Inc. (Kemron) – Tommy Jordan 

(407) 826‐5314 
(585) 672‐7473 
(404) 516‐3172 

All quality assurance (QA)/quality control (QC) issues with 
project field samples will be reported within 1 day to the Project 
Chemist (PC) by the laboratory. 

Should analytical laboratory issues affect data usability by 
rendering a significant amount of rejectable or unusable data, 
such that the project completeness goal cannot be obtained, the 
PC will notify the project team, including the Navy NTR/RPM and 
Navy Quality Assurance Officer (QAO). 

Reporting Data Validation 
Issues  Data Validator (DV)  Herb Kelly  (352) 384‐7100 

herb.kelly@ch2m.com 

All completeness and data issues will be addressed with the 
laboratory. The DV should copy the CH2M HILL PC on all 
communications to the laboratory. The validated data package 
will be due within 14 calendar days of data receipt by the DV. 

Data Validation CAs  PC  Clairette Campbell  (757) 671‐6335 
clairette.campbell@ch2m.com 

All issues discovered during data validation will be reported to 
the PC. CAs (revisions and additional information, if necessary) 
will be requested from the laboratory. The PC will review the 
data validation narrative and request CA from the DV if 
necessary. 

Data tracking from field 
collection to database 
upload 

PC  Clairette Campbell  (757) 671‐6335 
clairette.campbell@ch2m.com 

The PC tracks the data and informs the PM and PC of potential 
problems or issues. The PM and AM are informed within 24 
hours to pass on communications to Navy and regulators as 
appropriate. 
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2 Project Approach 
The purpose of this Remedial Investigation (RI) is to collect additional soil and groundwater data to supplement 
the current Site Inspection (SI) dataset to adequately characterize Area of Concern (AOC) 8. All soil data evaluated 
in the earlier SI (CH2M HILL, 2012) and all soil and groundwater data collected as part of this RI will be used to 
characterize the site and support a Human Health Risk Assessment (HHRA) and an Ecological Risk Assessment 
(ERA) through Step 3a. Data collected from the 1999 field investigation will not be evaluated because subsequent 
test pitting activities during the 2008 SI overlapped the location of test pitting activities conducted in 1999; also, it 
could not be confirmed that the sediment sample collected during the 1999 field activities was in fact a sediment 
sample (CH2M HILL, 2012). In addition, VOC and inorganic constituent groundwater data, collected during the 
2008 SI, will not be evaluated in the RI because these samples were collected using direct‐push technology (DPT) 
and may not be representative of current VOC and inorganic concentrations in groundwater (due to the effects of 
increased sample turbidity and aquifer disturbance with DPT). The RI will include the installation and sampling of 
permanent monitoring wells to characterize groundwater. 

2.1 Project Planning Sessions Participant Sheet 
Two project scoping sessions were conducted with the CAX Partnering Team, as described in the following 
sections. 

2.1.1 November 2011 Scoping Session 
TABLE 2-1 
November 2011 Scoping Session 
Project Name: AOC 8  Site Name: AOC 8 
Projected Date(s) of Sampling: Winter 
2012 

Site Location: CAX 

Project Manager: Stephanie Sawyer 

Date of Session: 11/16/11 

Scoping Session Purpose: AOC 8 RI UFP‐
SAP Scoping Session 

Name  Title  Affiliation  Phone #  E‐mail Address 

John Burchette  RPM  USEPA Region 3  (215) 814‐3378  burchette.john@epa.gov 

Wade Smith  RPM  VDEQ  (804) 698‐4125  wade.smith@deq.virginia.gov 

Krista Parra  RPM  NAVFAC Mid‐Atlantic  (757)‐341‐0395  krista.parra@navy.mil 

Marlene Ivester  AM  CH2M HILL  (757) 671‐1634  marlene.ivester@ch2m.com 

Stephanie Sawyer  Deputy AM/PM  CH2M HILL  (757) 671‐6273  stephanie.sawyer@ch2m.com 

Comments and Decisions 
Stephanie led the discussion and summarized the results of Step 2 in the SI, the SI report recommendations, and 
the objectives of the RI.  Krista asked about the depth to groundwater at the site.  How was it that groundwater 
was encountered at approximately 9.5 feet below ground surface (bgs) at one location and yet there were test 
trenches dug to 15 to 20 feet bgs approximately 15 feet away and no groundwater encountered?  Was 
groundwater really at 9.5 feet or was it a perched zone?  Stephanie was not sure and took an action item to 
investigate it further. 
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The following questions and proposed investigation activities were then discussed in order to frame the issues to 
be addressed by the SAP for the RI: 

#1 ‐ What is the lateral extent of buried material in the AOC 8 disposal area?  It was proposed to excavate a 
minimum of 9 test pits to delineate the extent of buried debris.  John asked how the berm originated.  Stephanie, 
Wade, and Marlene replied that it is unknown, but looks as if it was the remnants of a borrow pit, and that it 
wasn’t created so much as what was left behind.  John asked how deep the test pits would be.  Stephanie replied 
that they would be dug until native soil is reached or to the extent of the excavator – generally 20 feet bgs.  
However, we can look into getting a larger backhoe than the one used in the SI to dig deeper.  

John asked if test trenches 15, 16, and 17, excavated during the SI, were clean.  Stephanie replied that they were.  
John asked about test trench TP07 – what was encountered at 3 feet?  Krista read from the test trench log from 
the SI that stated that fencing was encountered at 3 feet bgs and no other debris for the remaining depth of the 
trench, which ended at 20 feet bgs. John asked about test pitting to the east of TP13.  The Team agreed to add 
two test pit locations to the east of TP13 and that all other proposed test pit locations are fine (11 total test pit 
locations).   

#2 ‐ What is the nature and extent of contamination in soil?  It was proposed to collect 10 co‐located surface and 
subsurface soil samples and analyze for polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls 
(PCBs), and inorganics constituents to determine the nature and extent of soil contamination.  Six of the sample 
locations will also be monitoring well locations.   Wade asked about the proposed well location west of SI soil 
location SO08 – should it be further east?  Stephanie replied the proposed location was chosen to confirm an SI 
groundwater tetrachloroethene (PCE) detection.  Krista proposed moving the location east of SI soil location 
SO08.  The Team agreed.  With the aforementioned change in one location, the Team agreed with the proposed 10 
soil sampling locations and analyses. 

#3 ‐ What is the nature and extent of contamination in groundwater and the groundwater flow direction and 
velocity?  It was proposed to install six permanent monitoring wells and analyze samples for volatile organic 
compounds (VOCs) and total and dissolved inorganic constituents.  It was proposed to NOT use the SI DPT 
groundwater results in the RI risk evaluations, as the permanent well data will be more representative of current 
groundwater conditions.  As with this same proposal for the AOC 6 RI, John will check with his technical support 
and report back to the Team if USEPA agrees.  The Team agreed to the proposed 6 monitoring well and 
groundwater sampling locations and analyses (with the aforementioned change in one location discussed under 
question #2 above). 

#4 – Do site media pose a potentially unacceptable risk to human health?  It was proposed to conduct a baseline 
HHRA with existing and proposed soil data and the proposed groundwater data.  The Team agreed, pending John 
checking with his technical support about not using the SI DPT groundwater data in the HHRA.  His concern is 
eliminating the PCE result for DPT location DW02. 

#5 – Are there any additional data that can be collected to refine the HHRA?  It was proposed to collect and 
analyze 5 surface soil samples for total and hexavalent chromium.  The Team agreed.  Chromium in earlier 
groundwater samples was not above background, so it was not proposed to analyze groundwater samples for 
total and hexavalent chromium.  Navy and USEPA took an action item to discuss with their human health 
specialists the question of whether it can be inferred that hexavalent chromium is not present in groundwater if it 
was not detected in soil, OR if it should be analyzed in both media regardless of the soil results?  The team 
members will report back to each other, but another scoping session is unnecessary.  If it is determined to be 
necessary, total chromium and hexavalent chromium analyses for groundwater will be added to the SAP. 
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#6 – Do site media post a potentially unacceptable risk to ecological receptors?   It was proposed that existing 
and proposed soil data be evaluated in an ERA (through Step 3a).  Groundwater will be evaluated in the ERA in 
order to provide a conservative evaluation of the potential for significant contaminant transport via groundwater 
to the York River.  The Team agreed. 

Stephanie pointed out that although total organic carbon (TOC), pH, and grain size are not listed as additional 
analyses, these wet chemistry soil data parameters will be included in the SAP. 

#7 – Is further action warranted at this site based on the results of this study?  It was proposed that any 
recommendation for further action will be based on the nature and extent of buried debris, the findings of the 
HHRA and ERA, Maximum Contaminant Level (MCL) exceedances, and the expected future use of the site.  The 
Team agreed. 

Stephanie summarized the discussion and scoping proposals.  The Team agreed, including the changes captured 
herein.  In addition, the Team agreed that surface water and sediment sample collection is unnecessary. 

Action Items and Results  
1) Stephanie to look into the depth at which water was encountered during the SI field activities. Based on the 

boring logs, there appears to be a perched water table where some of the groundwater samples were 
collected. 

2) Stephanie to look into the potential of getting a bigger backhoe than the one used in the SI in order to dig 
deeper test pits.  The maximum excavation depth of an excavator is generally around 20 feet bgs, and 
anything deeper would require benching. 

3) John to discuss with his hydrologist not including the DPT groundwater results collected as part of the SI. On 
December 22, 2011, the USEPA agreed to not use the SI DPT groundwater results in the RI. 

4) Navy and USEPA to discuss with their human health specialists the question of whether it can be inferred that 
hexavalent chromium is not present in groundwater if it was not detected in soil, OR if it should be analyzed in 
both media regardless of the soil results?  (The result of the hexavalent chromium discussion will also be 
applied to the AOC 6 RI as appropriate.)  Based on the outcome of discussions with their human health 
specialists, the USEPA and Navy conducted a separate scoping session in January 2012 to discuss hexavalent 
chromium speciation. The results of this scoping session are included in Section 2.1.2, as follows. 

2.1.2 January 2012 Scoping Session 
TABLE 2-2 
January 2012 Scoping Session 
Project Name: AOC 8  Site Name: AOC 8 

Projected Date(s) of Sampling: Winter 2012  Site Location: CAX 

Project Manager: Stephanie Sawyer   

Date of Session: 1/18/12   

Scoping Session Purpose: AOC 8 RI UFP‐SAP Scoping Session   

Name  Title  Affiliation  Phone #  E‐mail Address 

John Burchette  RPM  USEPA Region 3  (215) 814‐3378  burchette.john@epa.gov 
Wade Smith  RPM  VDEQ  (804) 698‐4125  wade.smith@deq.virginia.gov 
Krista Parra  RPM  NAVFAC Mid‐Atlantic  (757) 341‐0395  krista.parra@navy.mil 

Marlene Ivester  AM  CH2M HILL  (757) 671‐1634  marlene.ivester@ch2m.com 
Stephanie Sawyer  Deputy AM/PM  CH2M HILL  (757) 671‐6273  stephanie.sawyer@ch2m.com 
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Comments and Decisions 
Krista informed the Team that her human health tech support said collecting two, instead of five, samples for 
hexavalent chromium speciation in soil is sufficient.  John indicated he would prefer three samples for statistical 
analysis.  Krista mentioned the hexavalent chromium results from each site could be used to estimate a single, 
basewide ratio of hexavalent to total chromium for use in future investigations.  John and Wade were fine with 
this approach.  Stephanie added that the two samples collected for hexavalent chromium analysis at each site will 
be collected from the areas of the highest chromium concentrations in the SI samples.  Krista proposed no 
sampling for hexavalent chromium in groundwater, unless there is a known source.  John agreed and added that 
his human health tech support said most of the time hexavalent chromium, not trivalent, is what you see in 
groundwater.  John suggested doing one surface and one subsurface soil sample at each site for the hexavalent 
chromium analysis so we can get a number for both intervals. However, this was not agreed to by the team. 

Based on this discussion, the Team agreed that two, instead of five, surface soil samples from AOC 8 will be 
collected for hexavalent chromium analysis, taken near SI locations SO04 and SO06.  Also, since the sample by 
SO06 is a new sampling location and will not be analyzed for site‐related contaminants (PAHs, PCBs, and inorganic 
constituents) it will also be analyzed for total chromium for comparison purposes.  

2.1.3 March 2013 Scoping Session 
TABLE 2-3 
March 2013 Scoping Session 
Project Name: AOC 8  Site Name: AOC 8 

Projected Date(s) of Sampling: Summer 2013  Site Location: CAX 

Project Manager: Stephanie Sawyer

Date of Session: 3/28/13

Scoping Session Purpose: To discuss and agree to sampling plan changes based on EPA comments on the Draft UFP‐SAP

Name  Title  Affiliation  Phone #  E‐mail Address 

Susanne Haug  RPM  USEPA Region 3  (215) 814‐3394  Haug.Susanne@epamail.epa.gov 

Wade Smith  RPM  VDEQ  (804) 698‐4125  wade.smith@deq.virginia.gov 

Scott Park  RPM  NAVFAC Mid‐Atlantic  (757) 341‐0481  Scott.park@navy.mil 

Marlene Ivester  AM  CH2M HILL  (757) 671‐1634  marlene.ivester@ch2m.com 

Stephanie Sawyer  Deputy AM/PM  CH2M HILL  (757) 671‐6273  stephanie.sawyer@ch2m.com 

Bill Kappleman  Ecological Risk 
Assessor  CH2M HILL  (703) 376‐5152   William.kappleman@ch2m.com 

John McCloskey  Ecological Risk 
Assessor  FWS (USEPA BTAG)  (804) 693‐6694 X116   John_McCloskey@fws.gov 

Peter Knight   Ecological Risk 
Assessor  NOAA (USEPA BTAG)  (215) 814‐3321  Peter.Knight@noaa.gov 

Comments and Decisions 
On March 28, 2013, the CAX Partnering team (and their associated technical support) held a conference call to 
discuss the remaining EPA comments on the draft version of this UFP‐SAP. In Round 2, Comment #1, the USEPA 
expressed their concern that a limited number of soil samples were being evaluated from within the area of 
observed surficial debris. In order to address this concern, the CAX Partnering Team discussed sampling options 
and agreed that three 5‐point composite surface soil (0‐6 inches bgs) and three 5‐point composite subsurface soil 
(6‐24 inches bgs) would be collected from this area. The team agreed that the surface and subsurface sample 
components making up the 5‐point composites will be co‐located, and will be collected from three roughly equal 
size areas comprising the surface debris area.  In substitution for the additional three 5‐point composite samples 
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within the surface debris area, the CAX Partnering Team agreed that the originally proposed discrete surface and 
subsurface soil samples, to be collected at the groundwater sampling location within this area, would not be 
collected. The CAX Partnering Team then agreed to analyze the 5‐point composite samples for PAHs, pesticides, 
PCBs, and metals, since these were the constituents that were detected above the project action limits during the 
recent SI. 

In Round 2, Comment #3, the USEPA expressed their concern that there were no samples being evaluated from 
the immediate vicinity where debris is visible within the side of the berm. Since no samples have been collected in 
the immediate vicinity of this debris, the CAX Partnering Team agreed that one 5‐point composite surface (0‐6” 
bgs) and one 5‐point composite subsurface (6‐24” bgs) soil sample will be collected. The CAX Partnering Team 
then agreed that these soil samples would be analyzed for PAHs, pesticides, PCBs, and metals. 

In addition, during the March 28, 2013 conference call, the USEPA’s technical support expressed some concerns 
about the absence of soil samples within the low‐lying area located east of where buried debris was encountered. 
To address this concern, the CAX Partnering Team, with the concurrence of technical support, agreed that the co‐
located surface and subsurface soil samples, originally to be co‐located with the southeastern‐most monitoring 
well, would be moved to within the low‐lying area. The CAX Partnering Team agreed that the co‐located surface 
and subsurface soil samples at this location will be analyzed for PAHs, pesticides, PCBs, and metals. 

2.2 Conceptual Site Model 
The conceptual site model (CSM) for AOC 8 is based on data collected as part of the 2008 SI. This CSM combines 
and interprets information on the site background and history, physical setting, distribution of contamination, 
release history, potential migration pathways, and the potential exposure and receptor pathways. The CSM for 
AOC 8 is provided as Figure 3. 

2.2.1 Site Background and History 
CAX encompasses 2,300 acres east of Williamsburg, between Interstate 64 and the York River on the York‐James 
Peninsula (Figure 1). CAX is located on the site of the former DuPont Company Penniman Shell Loading Plant 
(PSLP) facility and is currently used to supply Atlantic Fleet ships and provide recreational opportunities to military 
and civilian personnel. The former PSLP facility was used as a powder and shell loading plant during World War I 
(WWI) and was closed in 1918. AOC 8, identified as the Area South of Site 7, is approximately 1.5 acres in size and 
located within a bermed area along the York River, northeast of the intersection of Chase and Lynch Roads 
(Figure 2). While the history of AOC 8 is unknown, it is assumed that this area was once a borrow pit (and the 
berm is the remnants of what was left following the soil removal) and once it was no longer in use, it was filled in 
with debris. The site consists of surface and buried debris, with gravel and ballast rock (potentially disposed of 
during the removal of nearby, offsite railroad beds) on the ground surface. In a small area of the site, buried 
debris (pipe, metal, and wood) is visible within the side of the berm. 

AOC 8 was previously thought to be the location of Environmental Restoration Site 7, the Old DuPont Disposal 
Area, and was investigated as such in 1999 during a field investigation (Baker, 2001). This investigation included 
the excavation of 10 test pits to define the lateral extent of buried debris at the site. In addition, one sample 
(identified as a sediment sample) was collected from the low lying area east of where buried debris was 
encountered. The sample was collected because this area receives runoff from the site and is adjacent to a slope 
where debris is visible within the side of the berm; the sample was analyzed for VOCs, semivolatile organic 
compounds (SVOCs), pesticides, PCBs, nitroamines and nitroaromatics, and inorganic constituents. Analytical 
results from this sample indicated the presence of Aroclor‐1260 (540L micrograms per kilogram [µg/kg]) and 
arsenic (5.9 milligrams per kilogram [mg/kg]) at concentrations exceeding the USEPA Risk Based Concentrations 
for residential soil (Baker, 2001).  
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The debris found within the test pits (for example, Styrofoam, a candy wrapper with a Universal Product Code 
[UPC] bar code, and one spent 75‐millimeter [mm] salute round) indicated disposal was more recent than the 
WWI‐era, suggesting this disposal area is not related to the PSLP, which ceased operations shortly after WWI 
(Baker, 2001). Site 7 was eventually located when test trenching was conducted approximately 500 feet north of 
this site; thus, this area was re‐designated as AOC 8. During the test pitting investigation, the vertical extent of 
debris was generally 6.5 feet bgs or less; however, at two of the test pits, native soil was not reached, as 
excavation was terminated due to “heavy debris” (Baker, 2001). Since the horizontal extent of the debris was not 
determined, an additional investigation was recommended.  

In 2008, test pits were excavated and soil and groundwater samples were collected as part of an SI (Figure 4). 
Historical data from the 1999 field investigation was not evaluated in the SI because test pitting activities during 
the 2008 SI overlapped the locations of test pitting activities conducted in 1999 (CH2M HILL, 2012). In addition, 
the sediment sample collected from a topographic low spot during the 1999 field activities was not used in 
evaluating the extent of contamination or risk associated with AOC 8 because it could not be confirmed that it 
was indeed a sediment sample. 

Results from the 2008 SI indicated that buried debris exists at AOC 8; however, the vertical and horizontal extent 
had not been delineated. In addition, the results from the soil and groundwater sampling indicate potential 
unacceptable risks to human health associated with exposure to benzo(b)fluoranthene and Aroclor‐1260 in soil 
and PCE in groundwater; additional activities were recommended. 

2.2.2 Physical Setting  
In general, the topography of AOC 8 is a flat, sparsely‐vegetated depression within a bermed area next to the York 
River (Figure 3). The berms along the northern and southern edges of AOC 8 are approximately 5 feet high. The 
berm along the York River is approximately 10 feet high. Surface runoff from the area surrounding AOC 8 is 
anticipated to flow towards the York River; however, within AOC 8, the bermed area prevents surface water from 
reaching the York River. Based on the SI, in general, soil at AOC 8 is predominantly olive‐yellow silty sand and 
brown sandy clay. The first encountered groundwater underlying AOC 8 is the Yorktown‐Eastover aquifer and is 
encountered between 5 and 15 feet bgs. Based on the topography, groundwater is expected to flow east‐
northeast toward the York River, which is the nearest open‐water body to AOC 8. 

AOC 8 is within the confines of CAX and access is restricted to the general public. Navy and Department of 
Defense (DoD) personnel do have access to AOC 8. It is currently a sparsely‐vegetated area, with no specified 
designated use. Future land use at AOC 8 is not expected to change and will likely continue for the foreseeable 
future. 

2.2.3 Distribution of Contamination 
Two areas of buried debris were encountered at AOC 8 (Figure 5). One area is located immediately south of the 
site entrance road and consisted of metal wire and cable to a depth of approximately 2 feet bgs. The second 
buried debris area is located at the end of the site entrance road (Figure 5). Shallow buried debris in this area was 
encountered to an approximate depth of 6 feet bgs and consisted primarily of wood, concrete, glass, plexiglass, 
various metal debris (wire, piping, fencing, bars, rods, and chains), and construction debris (bricks, burned and 
unburned wood, nails, burlap, plexiglass shards). In addition, a chalky blue powder was also observed in two test 
pits to a depth of approximately 6 feet bgs. Clean fill soil was subsequently observed below the shallow buried 
debris; however, deeper buried debris, including scrap metal and steel cylinders were encountered at 
approximately 15 feet bgs. This deeper debris extended past the vertical reach of the backhoe (20 feet bgs) in 
some locations; however, it is unlikely that buried debris exists below the groundwater table (estimated to be less 
than 30 feet bgs based on site‐specific DPT borings and test trenches and the depth to water at nearby Site 7, 
located near and to the north of AOC 8). 
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Based on the findings of the SI report, benzo(b)fluoranthene, Aroclor‐1260, endrin aldehyde, arsenic, chromium, 
selenium, and zinc exceeded their respective human health and/or ecological screening criteria and are the 
primary constituents of potential concern (COPCs) in soil (Appendix B); however, additional soil data are required 
to supplement the existing dataset to adequately characterize the site. The highest benzo(b)fluoranthene, 
Aroclor‐1260, endrin aldehyde, arsenic, chromium, selenium, and zinc concentrations were detected in surface 
soil sample CAA08‐SS04, which was collected in the same location as test pit CAA04‐TP14, where metal debris was 
encountered between the ground surface and 20 feet bgs.   

Based on the findings of the SI report, PCE and inorganic constituents are the primary COPCs in groundwater 
(Appendix B). No other organic compounds (SVOCs, pesticides, PCBs, or explosives) were detected in 
groundwater (CH2M HILL, 2012); therefore no further action is required for these constituents. Additional 
groundwater data are required to confirm the PCE detection from the SI and adequately characterize the 
inorganic concentrations in groundwater. Although groundwater samples were analyzed for VOCs and inorganic 
constituents during the SI, these results will not be used in the RI because the groundwater samples were not 
collected from permanent monitoring wells and may not be representative of current VOC and inorganic 
concentrations in groundwater (due to the effects of increased sample turbidity and aquifer disturbance with 
DPT). 

2.2.4 Release History 
Buried materials within the two burial areas are the primary known and suspected sources of contamination at 
AOC 8 (Figure 5). 

2.2.5 Potential Migration Pathways 
The principal contaminant release and transport mechanisms from source areas include leaks and deterioration of 
buried materials and leaching of VOCs and inorganic constituents from soil to groundwater as a result of 
rainwater infiltration. Based on the results of the groundwater sampling conducted as part of the SI, other site‐
related soil contaminants (PAHs and PCBs) have not leached into the groundwater despite the likely multi‐decade 
time frame since disposal activities ceased and the relatively short distance beneath the waste material and the 
water table (CH2M HILL, 2012). Where contaminants are exposed at the ground surface, transport could also 
occur through surface runoff; however, since the site is located in a low‐lying area with no pathways for surface 
runoff to flow offsite, the surface runoff is expected to eventually infiltrate into the ground or evaporate within 
the site boundary. No perennial surface water bodies are present within the site boundary. Standing water is only 
present in low‐lying areas of the site during and immediately following precipitation events.  

2.2.6 Potential Exposure and Receptor Pathways 
Potential human receptors exposed to soil and groundwater at AOC 8 include: 

 Current site visitors, maintenance workers, and trespassers (surface soil)
 Future trespassers (surface and subsurface soil)
 Future maintenance workers (surface and subsurface soil)
 Future industrial workers (surface and subsurface soil and groundwater)
 Future residents (surface and subsurface soil and groundwater)
 Future construction workers (surface and subsurface soil and groundwater)

These potential receptors may be exposed to site‐related contaminants through ingestion of, inhalation of 
particulates from, and dermal contact with soil; ingestion of, dermal contact with, and inhalation of VOCs from 
groundwater; and inhalation of indoor air (vapor intrusion). 
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Potential ecological receptors exposed to surface soil at AOC 8 include lower trophic level terrestrial receptors 
(plants and soil invertebrates). Due to the small size of areas on the site that contain debris (the source areas, 
comprised of about 0.7 acres of the 1.5 acre site), exposures to upper trophic level receptors (such as birds and 
mammals) are not considered significant. However, for conservatism, potential exposures to these upper trophic 
level receptors from incidental ingestion and food webs will be evaluated (appropriate area use factors [AUFs] 
may be applied in the BERA portion of the ERA). The lower trophic level receptors may be exposed to site‐related 
contaminants through root uptake from the soil and through direct exposure with soil. There is also the potential 
for groundwater transport of site‐related constituents to the York River, at which point there may be potential 
exposures to aquatic receptors (benthic dwelling and aquatic organisms). 

2.3 Data Quality Objectives and Systematic Planning Process Statements 
2.3.1 Project Statement and Objectives 
The objective of the RI is to collect additional data to supplement the current SI dataset to fill spatial data gaps 
and identify migration pathways in order to adequately characterize AOC 8 and evaluate potential risks to human 
health and ecological receptors. Field activities will include delineating the lateral extent of the two burial areas, 
collecting additional soil samples, and collecting groundwater samples from permanent monitoring wells to 
adequately characterize the site. All test pit and soil data evaluated in the SI (CH2M HILL, 2012) and all data 
collected as part of this RI will be used to support an HHRA and ERA. While AOC 8 is located adjacent to the York 
River, no surface water or sediment sampling is recommended at this time because the location and the height of 
the berm along the eastern boundary (Figure 3) prevents the transport of site‐related contaminants into the York 
River from surface runoff. In addition, the only potential risk identified in the groundwater sample collected 
closest to the York River, during the SI, was due to arsenic concentrations; however, these results may not be 
representative of current arsenic concentrations because the groundwater samples were not collected from 
permanent monitoring wells. If, following the evaluation of the RI data, it is determined additional RI data (i.e., 
surface water and sediment samples from the York River or groundwater discharge data) are needed to 
adequately fulfill the objectives of the RI, an addendum to this UFP‐SAP will be prepared and submitted for 
Partnering Team review, prior to completion of the RI Report. 

2.3.2 Data Quality Objectives 
Quantifiable analytical results will be the primary basis for project decisions.  The limit of quantitation (LOQ), 
which is defined as the minimum concentration or quantity of a target analyte that can be reported with accurate 
quantitation, will be the metric to define whether an analytical result is quantifiable.   

If the analysis of samples determines that analytes are undetected or if any detected analytes are below the 
Project Action Limits (PALs), then it will be assumed that the nature and concentrations of these constituents do 
not pose an unacceptable risk, and no further action for them will be necessary. 

If the analysis of samples determines that analytes are detected above the project‐specific PALs then a 
quantitative human health and ERA will be conducted to identify COPCs as follows: 

Human Health Decision Logic (Figure 6) 
Results of the RI soil sampling will be combined with the soil sample data evaluated in the SI to determine whether 
there may be unacceptable risks to potential human receptors: 

 Soil concentrations will be compared to the adjusted residential soil Regional Screening Levels (RSLs) 
(adjusted meaning that RSLs based on non‐carcinogenic effects are divided by 10 to account for exposure to 
more than one constituent that effects the same target organ; RSLs based on carcinogenic endpoints are not 
adjusted).  If the maximum detected concentration of a constituent exceeds the applicable RSL, the 
constituent will be identified as a COPC. 
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 If COPCs are identified, human health risks will be evaluated for exposure to the COPCs indentified in soil for
all potential human receptors (such as current visitors, maintenance workers, trespassers, future trespassers,
maintenance and industrial workers, residents, and construction workers).  The 95 percent upper confidence
limit (UCL) of the mean soil concentration will be used as the exposure concentration for the risk calculations.
If all risks are within acceptable USEPA risk levels, no further action or assessment based on human health will
be required for soil.

 If potentially unacceptable risks are identified associated with inorganic constituents, the inorganic
constituent data will be compared to the base background 95 percent upper tolerance limits (UTLs)
(CH2M HILL, 2011b) to determine if the risks are associated with the site or background conditions.  If all risks
are associated with background conditions, no further action or assessment based on human health will be
required for inorganic constituents in soil. If risks are not associated with base background conditions, the
constituent will be identified as a constituent of concern (COC).

 If the COC concentrations exceed the background 95 percent UTL, further evaluation will be conducted to
consider whether the COC concentrations are consistent with background conditions or if they represent a
release such that further action is warranted.

Results of the RI groundwater sampling will be evaluated to determine whether there may be unacceptable risks to 
potential human receptors: 

 Groundwater concentrations from monitoring wells will be compared to the adjusted tap water RSLs
(adjusted meaning that RSLs based on non‐carcinogenic effects are divided by 10 to account for exposure to
more than one constituent that effects the same target organ; RSLs based on carcinogenic endpoints are not
adjusted).  If the maximum detected concentration of a constituent exceeds the applicable RSL, the
constituent will be identified as a COPC.

 If COPCs are identified, human health risks will be evaluated for exposure to the COPCs indentified in
groundwater for future industrial workers, residents, and construction workers.  The 95 percent UCL of the
mean groundwater concentration from the wells located in the most contaminated portion of the
groundwater plume (if a plume is identified) will be used as the exposure concentration for the risk
calculations.  If all risks are within acceptable USEPA risk levels, no further action or assessment based on
human health will be required for groundwater.

 If potentially unacceptable risks are identified associated with inorganic constituents, the inorganic
constituent data will be compared to the base background 95 percent UTLs to determine if the risks are
associated with the site or background conditions.  If all risks are associated with background conditions, no
further action or assessment based on human health will be required for inorganic constituents in
groundwater. If risks are not associated with base background conditions, the constituent will be identified as
a COC.

 If the COC concentrations exceed the background 95 percent UTL, further evaluation will be conducted to
consider whether the COC concentrations are consistent with background conditions or if they represent a
release such that further action is warranted.
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Ecological Decision Logic (Figure 6) 
Results of the soil analytical sampling will be evaluated as follows to determine whether potential risks to terrestrial 
receptors may be occurring: 

 Soil concentrations from each site sample (with a sample depth less than 24 inches bgs) will be compared to
literature‐based soil screening values for plants and/or soil invertebrates. Initial COPCs will include all
chemicals for which the maximum hazard quotient (HQ) equals or exceeds 1 based upon a detected
concentration and all detected constituents lacking screening values. Mean and 95% UCL soil concentrations
will also be compared with soil screening values (samples may be partitioned by spatial area when calculating
means and 95% UCLs). These two central tendency exposure point concentration comparisons will be a
primary consideration in determining if a chemical should be identified as a refined COPC, as will comparisons
to background concentrations (see below). However, other factors, such as the magnitude of the maximum
HQ and the spatial pattern of screening value exceedances, will also be considered when making this
determination.

 If the quantitative ERA (through Step 3a) identifies soil COPCs, the COPCs will be compared to the base
surface soil background 95 percent UTLs to determine if the detected concentrations are consistent with the
base background concentrations. If the COPCs do not exceed the background 95 percent UTL, then no further
action for the COPCs will be necessary.

 If the COPC concentrations exceed the background 95 percent UTL, further evaluation will be conducted to
consider whether the COPC concentrations are consistent with background conditions or if they represent a
release such that further action is warranted..

 Food web exposures (for detected bioaccumulative constituents in surface soil) for upper trophic level
receptors will also be modeled for terrestrial habitats at AOC 8. Terrestrial receptors may include: (1) meadow
vole; (2) short‐tailed shrew; (3) white‐footed mouse; (4) red fox; (5) American robin; and (6) red‐tailed hawk.
If maximum exposure doses (calculated using maximum surface soil concentrations) exceed NOAEL‐based
ingestion toxicity reference values (TRVs), the chemical will be identified as an initial COPC. Mean and 95%
UCL‐based exposure doses (for bioaccumulative chemicals) will also be calculated and compared with NOAEL,
LOAEL, and Maximum Acceptable Toxicant Concentration (MATC)‐based TRVs. If the MATC‐based HQ equals
or exceeds one based upon the mean soil concentration, the chemical will be identified as a refined COPC.
Appropriate area use factors [AUFs] may be applied when selecting refined COPCs.

Results of the groundwater analytical sampling will be evaluated as follows to provide a conservative evaluation of 
the potential for significant contaminant transport via groundwater to the York River: 

 Groundwater concentrations from each site sample will be compared to literature‐based marine surface
water screening values and Biological Technical Assistance Group (BTAG) Region 3 marine screening values.
Initial COPCs will include all chemicals for which the maximum HQ exceeds 1 based upon a detected
concentration and all detected constituents lacking screening values. For inorganic constituents, COPC
selection will be based upon the results from filtered samples. Mean and 95% UCL groundwater
concentrations will also be compared with surface water screening values (samples may be partitioned by
spatial area when calculating means). These two central tendency exposure point concentration comparisons
will be a primary consideration in determining if a chemical should be identified as a refined COPC, as will
comparisons to background concentrations (see below). However, other factors, such as the magnitude of the
maximum HQ and the spatial pattern of screening value exceedances, will also be considered when making
this determination. Dilution factors may also be considered during the refined assessment.

 If the ERA identifies groundwater COPCs, the COPCs will be compared to the base groundwater background
95 percent UTLs to determine if the detected concentrations are consistent with the base background
concentrations. If the COPCs do not exceed the background 95 percent UTL, then no further action for the
COPCs will be necessary.
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 If the COPC concentrations exceed the background 95 percent UTL, further evaluation will be conducted to 
consider whether the COPC concentrations are consistent with background conditions or if they represent a 
release such that further action is warranted.. 

2.3.3 What are the environmental questions to be answered? 
The following environmental questions will be answered in the RI. 

What is the lateral extent of buried material in the AOC 8 disposal areas? 
The nature of buried material is known based on 27 test pits completed during the SI. Buried material includes 
wood, concrete, glass, plexiglass, various metal debris (wire, piping, fencing, bars, rods, and chains), and 
construction debris (bricks, burned and unburned wood, nails, burlap, and plexiglass shards). However, the lateral 
and vertical extents of these materials have not yet been confirmed. While it is assumed no buried debris outside 
the bermed area exists, additional test pitting is required to confirm the lateral extent of buried materials. The 
vertical extent of buried materials cannot be confirmed due to the depth of debris encountered during the SI 
(greater than 20 feet and beyond the reach of the excavation equipment.  

The following work is proposed to answer this environmental question: 
A minimum of 11 test pits will be excavated to delineate the lateral extent of buried debris at AOC 8 
(Figure 5). If buried debris is encountered in some of the test pits, additional test pits may be excavated as 
necessary in order to determine the lateral extent of buried debris.  Since the maximum excavation depth 
of an excavator is generally around 20 feet bgs, the vertical test pit depths will not exceed 20 feet.  Debris 
is not expected to extend beyond the groundwater table [less than 30 feet bgs]. 

What is the nature and extent of contamination in surface soil? 
There are nine existing surface soil samples (0 to 6 inches) that were previously collected and evaluated in the 
2008 SI (CH2M HILL, 2012). These data will be used to determine the nature and extent of contamination at the 
site. However, additional surface soil data are necessary to adequately characterize this medium. 

The following work is proposed to answer this environmental question: 
Eight discreet surface soil samples (0 to 6 inches) will be collected from AOC 8 (Figure 7) and analyzed for 
PAHs, PCBs, and inorganic constituents to supplement the existing surface soil data. These surface soil 
samples will be analyzed for TOC, pH, and grain size to collect physical parameter data needed to 
complete the ERA. In addition, one of these surface soil samples (in the vicinity of SI location SO04) and 
one additional surface soil sample (in the vicinity of SI location SO06) (Figure 7) will be analyzed for 
hexavalent chromium to refine the baseline HHRA, as discussed further in the following Is there any 
additional data that can be collected to refine the HHRA? section.  

In order to address the USEPA comments on the draft version of this UFP‐SAP, one discreet surface soil 
sample (0 to 6 inches) will be collected from the low‐lying area east of where buried debris was 
encountered and four 5‐point composite surface soil samples will be collected from the area of observed 
surficial debris (Figure 7) and from the immediate area of the visible debris within the side of the berm 
(Figure 7) and analyzed for PAHs, pesticides, PCBs, and inorganic constituents. These surface soil samples 
will be analyzed for TOC and pH to collect physical parameter data needed to complete ERA. 

What is the nature and extent of contamination in subsurface soil? 
There are nine existing subsurface soil samples (6 to 24 inches) and three existing deeper subsurface soil samples 
(20 feet) that were previously collected and evaluated in the 2008 SI (CH2M HILL, 2012).These data will be used to 
determine the nature and extent of contamination at the site. However, additional subsurface soil (6 to 24 inches) 
data are necessary to adequately characterize this medium. 
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The following work is proposed to answer this environmental question: 
Nine discreet subsurface soil samples (6 to 24 inches) will be collected from AOC 8 (Figure 7) and analyzed 
for PAHs, PCBs, and inorganic constituents to supplement the existing subsurface soil data. These 
subsurface soil samples will also be analyzed for pH to collect physical parameter data needed to 
complete the ERA. 

In addition, in order to address the USEPA comments on the draft version of this UFP‐SAP, one discreet 
subsurface soil sample from the low‐lying area east of where buried debris was encountered and four 5‐
point composite subsurface soil samples will be collected from the area of observed surficial debris and 
from the immediate area of the visible debris within the side of the berm (Figure 7) and analyzed for 
PAHs, pesticides, PCBs, and inorganic constituents. These subsurface soil samples will be analyzed for TOC 
and pH to collect physical parameter data needed to complete the ERA. 

What is the nature and extent of contamination in groundwater and the groundwater flow 
direction and velocity? 
There are four existing groundwater samples that were previously collected and evaluated in the 2008 SI 
(CH2M HILL, 2012). The analytical results collected as part of the 2008 SI indicate that there are no SVOCs, 
pesticides, or PCBs detected in groundwater; therefore, no additional sampling or risk analysis is required for 
these contaminant groups. Although groundwater samples were analyzed for VOCs and inorganic constituents in 
the 2008 SI, these results will not be used in the RI because the groundwater samples were not collected from 
permanent monitoring wells and may not be representative of current VOC and inorganic concentrations in 
groundwater (due to the effects of increase sample turbidity and aquifer disturbance with DPT). Therefore, 
groundwater VOC and inorganic constituent data from permanent monitoring wells are necessary to adequately 
characterize this medium. 

The following work is proposed to answer this environmental question: 
Six permanent groundwater monitoring wells will be installed and six groundwater samples will be 
collected from AOC 8 (Figure 7) and analyzed for VOCs and total and dissolved inorganic constituents. The 
six groundwater samples will also be analyzed for natural attenuation parameters (wet chemistry 
parameters – nitrate, nitrite, sulfate, sulfide, alkalinity, methane, ethane, and ethane) to assist in 
determining the degradation and mobility of VOCs and inorganic constituents. In addition, the monitoring 
well water levels will be gauged and slug tests will be conducted in order to determine the groundwater 
flow and velocity. Since the VOC and inorganic constituent groundwater data collected during the 2008 SI 
were not collected from permanent monitoring wells, but rather from DPT sampling points, the new VOC 
and inorganic constituent groundwater data will be evaluated in the RI in place of the SI groundwater 
dataset. 

Do site media pose a potentially unacceptable risk to human health? 
Soil and groundwater data that were previously collected and evaluated in the SI (CH2M HILL, 2012) were 
compared to base background 95 percent UTLs, media specific RSLs, and MCLs (in the case of groundwater) to 
determine whether the detected constituents could potentially pose an unacceptable risk to human health. Based 
on the results of this comparison, benzo(b)fluoranthene, Aroclor‐1260, arsenic, and chromium concentrations 
exceeded their respective screening criteria in select surface soil samples (CH2M HILL, 2012). In select subsurface 
soil samples, Aroclor‐1260 and arsenic concentrations exceeded their respective screening criteria (CH2M HILL, 
2012). In select groundwater samples, PCE, total arsenic, iron, and manganese, and dissolved arsenic, cobalt, iron, 
and manganese exceeded their respective screening criteria (CH2M HILL, 2012). Based on the spatial coverage of 
the existing and proposed data set, no additional sampling (in addition to the SI data and the sampling proposed 
in this Uniform Federal Policy [UFP]‐SAP) is necessary to adequately assess the potential risk to human health. 
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The following work is proposed to answer this environmental question: 
A baseline HHRA will be completed to determine if site contaminants potentially pose an unacceptable 
risk to human health. All existing soil data and soil and groundwater data collected as part of this RI will be 
evaluated in the baseline HHRA. 

Are there any additional data that can be collected to refine the HHRA? 
Results of the risk screening conducted during the SI (CH2M HILL, 2012) indicated that exposure to chromium in 
surface soil may pose potential unacceptable risk to human health. However, in performing the risk evaluation, it 
was assumed that all of the chromium detected in the soil is in the hexavalent form, which is unlikely since 
chromium is generally found in natural soil in the trivalent form unless activities at the site have resulted in the 
release or formation of hexavalent chromium. Therefore, surface soil chromium speciation data are needed to 
adequately assess the potential risk to human health due to exposure to surface soil. 

The following work is proposed to answer this environmental question: 
Two surface soil samples (to be collected near SI locations SO04 and SO06 – the locations with the highest 
and third highest chromium detections) will be collected from AOC 8 (Figure 7) and analyzed for 
hexavalent chromium to refine the baseline HHRA. Also, since the sample in the vicinity of SI sample 
location SO06 is not being analyzed for other site‐related contaminants (PAHs, PCBs, and inorganic 
constituents), it will also be analyzed for total chromium for comparison purposes (the surface soil sample 
being collected in the vicinity of SI sample SO04, will be analyzed for PAHs, PCBs, and metals; therefore 
total chromium analysis will not be needed as it is included in the metals analytical suite). Subsurface soil 
and groundwater samples will not be analyzed for hexavalent chromium since the detected chromium 
concentrations in samples collected during the SI (CH2M HILL, 2012) did not exceed the basewide 
background concentrations (for soil) or was not detected (for groundwater). 

Do site media pose a potentially unacceptable risk to ecological receptors? 
Soil data that were previously collected and evaluated in the SI (CH2M HILL, 2012) were compared to base 
background 95 percent UTLs, site‐specific ecological screening values (ESVs) which are based upon lower trophic 
level exposures in accordance with the CSM, and surrogate values (when an ESV was not available) to determine 
whether the detected constituents could potentially pose a risk to ecological receptors. Based on the results of 
this comparison, endrin aldehyde, selenium, and zinc concentrations exceeded their respective screening values 
in at least one surface soil sample (CH2M HILL, 2012). In subsurface soil samples, endrin aldehyde concentrations 
exceeded their respective screening values in at least one sample (CH2M HILL, 2012).    

In addition, groundwater data that were previously collected and evaluated in the SI (CH2M HILL, 2012) were 
compared to base background 95 percent UTLs and marine surface water ESVs to provide a conservative 
evaluation of the potential for significant contaminant transport via groundwater to the York River. No chemical 
concentrations exceeded their respective screening values based upon mean concentrations and a dilution factor of 
10, although three inorganic constituents (aluminum, iron, and manganese) exceeded screening values based upon 
maximum undiluted concentrations (CH2M HILL, 2012). Based on the spatial coverage of the existing and proposed 
data set, no additional sampling (in addition to the SI data and the sampling proposed in this UFP‐SAP) is 
necessary to adequately assess the potential risk to ecological receptors. 

The following work is proposed to answer this environmental question: 
An ERA (through Step 3a) will be completed to determine whether site contaminants in soil could 
potentially pose an unacceptable risk to ecological receptors. All existing site soil data and data collected 
as part of this RI will be evaluated in the ERA; however, the ERA will only consider soil data collected 
within 2 feet of the ground surface. Although ecological receptors do not typically have direct exposure to 
groundwater, proposed groundwater data will be used in the ERA in order to provide a conservative 
evaluation of the potential for significant contaminant transport via groundwater to the York River.  
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Is further action (that is, further investigation, removal, or remediation) warranted at this site 
based on the results of this study? 
Further action may be recommended, based on the nature and extent of buried debris, findings of the HHRAs and 
ERAs, exceedances of groundwater MCLs, and the expected future use of the site.   

2.3.4 Project Action Limits 
The detected soil and groundwater data will be compared to the following PALs to identify COPCs (PAL values are 
included in Appendix A, Tables A‐1a through A‐1i): 

1. Surface Soil: USEPA Adjusted Residential Soil RSLs for human health and literature‐based ESVs for plants and 
soil invertebrates 

2. Subsurface Soil: USEPA Adjusted Residential Soil RSLs for human health and literature‐based ESVs for plants 
and soil invertebrates (if less than 2 feet) 

3. Groundwater: USEPA Adjusted tap water RSLs and federal MCLs for human health and literature‐based 
marine surface water screening values and BTAG marine screening values to conservatively evaluate potential 
risks to ecological receptors from groundwater discharge to surface water. Marine screening values will be 
used because the salinity of the York River in the vicinity of CAX (measured at Gloucester Point [VIMS, 2012)) 
is between 16 and 24 parts per trillion, which is in the marine range (>10 parts per trillion). 

A quantitative HHRA (conducted in accordance with USEPA guidance and as previously described in Section 
2.3.2.1) and an ERA (through Step 3a) will be conducted to identify the COPCs for each medium.  

The COPC concentrations will be compared to the background 95 percent UTLs (CH2M HILL, 2011b), where 
available and applicable, to determine if the detected concentrations are consistent with the base background 
concentrations. If the COPC concentrations exceed the background 95 percent UTL, further evaluation will be 
conducted to consider whether the COPC concentrations may be attributed to a release or may be associated 
with background conditions (such as comparing site data to the maximum base background concentrations). If the 
results of this evaluation potentially indicate that site concentrations are not consistent with background 
conditions, then the COPC concentrations may be attributed to a release and the COPC should be considered a 
site‐related COC. Specific PAL values and laboratory detection and quantitation limits (QLs) are included in the 
Reference Limits and Evaluation Tables (Appendix A‐1). 

2.3.5 How will the data be used?  
The results from the test pits will be used to determine the lateral extent of buried material at AOC 8. This 
information will be considered when determining possible future remedial options. 

The lithologic data will be used to identify the aquifer encountered and potential geotechnical properties of soils. 
Groundwater data (such as static water level data and hydraulic slug tests) will be used to determine the general 
groundwater conditions, including depth to water, rate of groundwater flow, and directions of groundwater flow. 
This information will be incorporated into the CSM for the site and utilized in the discussion of contaminant fate 
and transport. 

The existing and proposed soil data, and the proposed groundwater data, will be used to determine the nature 
and extent of contamination and will be used to appropriately assess potential human health and ecological risks 
at the site. The HHRA will estimate the likelihood of adverse impacts to current and potential future users of the 
site, based on the current and potential future use of the site. The ERA will estimate the likelihood of potential 
risks to ecological receptors at the site and the potential for ecologically significant transport of site‐related 
constituents to the York River. 
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Wet chemistry soil data (TOC, pH, and grain size) will be collected to further characterize the soil medium and 
assist in completing the ERA. Natural attenuation parameter data in groundwater (wet chemistry parameters – 
nitrate, nitrite, sulfate, sulfide, alkalinity, methane, ethane, and ethane) will be collected to assist in determining 
the degradation and mobility of VOCs and inorganic constituents.  

One Toxicity Characteristic Leaching Procedure (TCLP) composite soil and one TCLP composite groundwater 
sample will be collected from investigation‐derived waste (IDW) to characterize media for disposal purposes. 

2.3.6 What types of data are needed?  
Section 2.5 contains detailed information on the types of data needed for this project, including sample locations 
and sample depth intervals. In general, additional test pits and analytical soil and groundwater sample data are 
required for this project to determine the nature and extent of contamination and to complete the HHRA and 
ERA.  All analytical samples will be submitted to an offsite, subcontracted laboratory for analysis. Refer to 
Section 2.5 and Section 3.0 for sample locations, numbers, rationale, and methodology. Sample locations are 
provided on Figure 7. 

2.3.7 Are there any special data quality needs, field or laboratory, in order to 
support environmental decisions? 

The data will be used in an HHRA and an ERA to make further investigation and action decisions; therefore, the DV 
will qualify data according to the Measurement Performance Criteria (MPC) outlined in Section 2.4 for field QC 
samples and the Laboratory QC Samples Table in Appendix A for laboratory QC samples. These MPC are 
consistent with the DoD Quality Systems Manual (QSM) as applicable and laboratory in‐house limits where the 
QSM does not apply. 

The data collected from AOC 8 will be validated internally by CH2M HILL. This process is outlined in Section 2.3.9. 

2.3.8 Where, when, and how should the data be collected or generated?  
Detailed information on where, when, and how the data will be collected is provided in Section 3. Data generated 
at the subcontract laboratory(s) will be reported in a data package equivalent to a USEPA Contract Laboratory 
Program level IV deliverable.  This data package includes a case narrative, all field sample results, QC forms, and 
raw data. An electronic data deliverable will also be required.  

2.3.9 How will the data be evaluated? 
Data will undergo an evaluation for quality and completeness at the laboratory and will be validated by 
CH2M HILL DVs. Specific verification and validation steps are detailed in Table 2‐4, Data Verification and 
Validation (Steps I and IIa/IIb) Process Table (Section 2.3.11).  In general: 

 Deviations from the SAP will be reviewed to assess whether CA is warranted and to assess impacts to the 
achievement of project objectives. 

 To assess whether a sufficient quantity of acceptable data are available for decision‐making, the data will be 
reconciled with the MPC following validation and review of data quality indicators (DQIs).  

 For duplicate sample results, the most conservative value will be used for project decisions. 

 Field and laboratory precision will be compared as relative percent difference (RPD) between the two results. 

 For statistical calculations in the ERA, non‐detect values will be represented by a concentration equal to one‐
half the sample reporting limit.  
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2.3.10 How will the data usability be documented? 
The PM, PC, and other team members will be responsible for compiling the data. The data will then be presented 
to the CAX Partnering Team who, as a whole, will evaluate the data usability according to project objectives. Any 
qualifications made to the data during data validation will be included for consideration; possible qualifications 
that may be applied to the data during validation are as follows: 

 When major QC deficiencies are encountered, data will be qualified with an R and in most cases are not
considered usable for project decisions. If R‐qualified data are used in evaluations and, ultimately, project
decisions, the rationale for their use will be included in the RI Report. The R‐qualifier is defined as follows:

 R = Rejected result. Result not reliable.

 For minor QC deficiencies that will not affect the usability of the data, data may be qualified as estimated with
the following qualifiers: J, UJ, K, L, or UL. These qualifiers are defined as follows:

 J = Analyte present. Reported value may or may not be accurate or precise.
 UJ = Analyte not detected. QL may be inaccurate or imprecise.

 K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
 L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
 UL = Analyte not detected. QL is probably higher.

 Additional qualifiers that may be applied to data by the validator are:

 B = Not detected substantially above the level reported in laboratory or field blanks. This detection is
attributed to blank contamination and is to be treated as a non‐detect. 

 N = Tentative identification. The analyte is considered present, though special methods may be needed to 
confirm its presence or absence in future sampling efforts. 

 NJ = Qualitative identification is questionable due to poor resolution. Presumptively present at 
approximate quantity. 

 U = Not detected. 

Data usability will be documented in data tables and discussed in the data quality evaluation, both of which will 
be provided as part of the RI report. Data tables will reflect the reported concentration of analytes, whether the 
analyte was detected, and what, if any, data qualifiers accompany the result.  The data quality evaluation will 
discuss the use of specific data qualifiers and their impact on decision‐making, the overall quality of the data set, 
and any data usability limitations determined by the CAX Partnering Team.  

2.3.11 Data Verification and Validation (Steps I and IIa/IIb) Process Table 
Data will be collected as detailed in Section 3, and it will be reviewed for quality and completeness as detailed in 
the Data Verification and Validation (Steps I and IIa/IIb) Process Table (Table 2‐4). More information about data 
validation and usability is provided in Section 2.3.10. 
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TABLE 2-4 
Data Verification and Validation (Steps I and IIa/IIb) Process Table 

Data Review Input  Description  Responsible for Verification  Internal/ External 

Field Notebooks  Field notebooks will be reviewed internally and placed into the project file for 
archival at project closeout.  FTL / CH2M HILL  Internal 

Chains‐of‐Custody and Shipping Forms 

Chain‐of‐custody forms and shipping documentation will be reviewed 
internally upon their completion and verified against the packed sample 
coolers they represent. The shipper's signature on the chain‐of‐custody will be 
initialed by the reviewer, a copy of the chains‐of‐custody retained in the site 
file, and the original and remaining copies taped inside the cooler for 
shipment. Chains‐of‐custody will also be reviewed for adherence to the SAP by 
the PC. 

FTL / CH2M HILL 
PDM / CH2M HILL 
PC / CH2M HILL 

Internal & External 

Sample Condition upon Receipt  Any discrepancies, missing, or broken containers will be communicated to the 
PDM in the form of laboratory logins.    PDM / CH2M HILL  External 

Documentation of Laboratory Method 
Deviations 

Laboratory Method Deviations will be discussed and approved by the PC.  
Documentation will be incorporated into the case narrative, which becomes 
part of the final hardcopy data package. 

PC / CH2M HILL  External 

Electronic Data Deliverables  Electronic Data Deliverables will be compared against hardcopy laboratory 
results (10 percent check).  PDM / CH2M HILL  External 

Case Narrative 
Case narratives will be reviewed by the DV during the data validation process.  
This is verification that they were generated and applicable to the data 
packages. 

DV / CH2M HILL  External 

Laboratory Data 
All laboratory data packages will be verified internally by the laboratory 
performing the work for completeness and technical accuracy prior to 
submittal. 

Respective Laboratory QAO  Internal 

Laboratory Data  The data will be verified for completeness by the PDM.  PDM / CH2M HILL  External 

Audit Reports 

Upon report completion, a copy of all audit reports will be placed in the site 
file. If CAs are required, a copy of the documented CA taken will be attached to 
the appropriate audit report in the QA site file. Periodically, and at the 
completion of site work, site file audit reports and CA forms will be reviewed 
internally to ensure that all appropriate CAs have been taken and that CA 
reports are attached. If CAs have not been taken, the site manager will be 
notified to ensure action is taken. 

PM / CH2M HILL 
PC / CH2M HILL  Internal 

CA Reports  CA reports will be reviewed by the PC or PM and placed into the project file for 
archival at project closeout. 

PM / CH2M HILL 
PC / CH2M HILL  External 
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TABLE 2-4 
Data Verification and Validation (Steps I and IIa/IIb) Process Table 

Data Review Input  Description  Responsible for Verification  Internal/ External 

Laboratory Methods  Ensure the laboratory analyzed samples using the correct methods.  PC / CH2M HILL  External 

Target Compound List and Target 
Analyte List  Ensure the laboratory reported all analytes from each analysis group.  PC / CH2M HILL  External 

Reporting Limits  Ensure the laboratory met the project‐designated QLs.  If QLs were not met, 
the reason will be determined and documented.  PC / CH2M HILL  External 

Field SOPs  Ensure that all field SOPs were followed.  FTL /CH2M HILL  Internal 

Laboratory SOPs  Ensure that approved analytical laboratory SOPs were followed.  Respective Laboratory QAO  Internal 

Raw Data  10 percent review of raw data to confirm laboratory calculations.  DV / CH2M HILL  External 

Onsite Screening  All non‐analytical field data will be reviewed against SAP requirements for 
completeness and accuracy based on the field calibration records.  FTL / CH2M HILL  Internal 

Documentation of Method QC Results  Establish that all required QC samples were run.  DV / CH2M HILL  External 

Documentation of Field QC Sample 
Results  Establish that all required QC samples were run.  PC / CH2M HILL  Internal 

DoD ELAP Evaluation  Ensure that each laboratory is DoD ELAP‐Certified for the analyses they are to 
perform.  Ensure evaluation timeframe does not expire.  PC / CH2M HILL  External 

Analytical data for VOCs, PAHs, 
Pesticides, PCBs, Metals (total and 
dissolved), Mercury (total and 
dissolved), and Hexavalent Chromium 
in all matrixes analyzed, such as 
groundwater, surface soil, and/or 
subsurface soil. 

Analytical methods and laboratory SOPs as presented in this SAP will be used 
to evaluate compliance against QA/QC criteria. Should adherence to QA/QC 
criteria yield deficiencies, data may be qualified. The data qualifiers used are 
those presented in Region III Modifications to the National Functional 
Guidelines for Organic Data Review (USEPA, September 1994) and in Region III 
Modifications to the Laboratory Data Validation Guidelines for Inorganic Data 
Review (USEPA, April 1993). National Functional Guidelines will not be used for 
data validation; however, the specific qualifiers listed therein may be applied 
to data should non‐conformances against the QA/QC criteria as presented in 
this SAP be identified. 

DV / CH2M HILL  External 

Analytical data for wet chemistry or 
grain size in all matrixes analyzed, 
such as groundwater, surface soil, 
and/or subsurface soil. 

Wet chemistry (NAIPs) and grain size analytical data will not undergo third‐
party data validation, but are subject to all other previously detailed data 
review. 

NA  NA 
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2.4 Field Quality Control Samples 
Field QC samples will be collected to assist in evaluating whether the results reported from the field effort meet 
the precision, accuracy, and representativeness requirements for this project. Presented below in Tables 2‐5A – 2‐
5G are details about the frequency at which each QC sample will be collected, what constitutes acceptable field 
QC results, and what aspect of data quality is indicated by the outcome of each QC sample. 

TABLE 2-5A 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Surface Soil, Subsurface Soil1 
Analytical Group: PAHs, Pesticides, PCBs, Hexavalent Chromium2 

Concentration Level: Medium / Low 
QC Sample  Analytical Group  Frequency  DQIs  MPC 

Field Duplicate 

PAHs, Pesticides, 
PCBs,  Hexavalent 
Chromium 

1 per 10 field samples  Precision  RPD ≤ 30% 

Equipment Blank  1 per day of sampling, per 
type of equipment  Bias/ Contamination  Target analytes ≤  1/2 LOQ 

Cooler Temperature 
Indicator  1 per cooler to the laboratory  Representativeness  Temperature ≤  6 degrees 

Celsius (°C) 
1 Field QA/QC will be collected separately for each matrix listed. 
2 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 

 
TABLE 2-5B 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Surface Soil, Subsurface Soil1 
Analytical Group: Metals, including Mercury 2 
Concentration Level: Medium / Low 

QC Sample  Analytical Group  Frequency  DQIs  MPC 

Field Duplicate 

Metals, including 
Mercury  

1 per 10 field 
samples  Precision  RPD ≤ 20% 

Equipment Blank 

1 per day of 
sampling, per type 
of equipment  Bias/ Contamination  Target analytes ≤  1/2 LOQ 

Cooler Temperature 
Indicator 

1 per cooler to the 
laboratory  Representativeness  Temperature ≤  6C 

1 Field QA/QC will be collected separately for each matrix listed. 
2 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 

 
TABLE 2-5C 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Surface Soil, Subsurface Soil1 
Analytical Group: Wet Chemistry (TOC, pH)2 
Concentration Level: Medium 

QC Sample  Analytical Group  Frequency  DQIs  MPC 

Cooler Temperature 
Indicator   Wet Chemistry  1 per cooler to 

the laboratory  Representativeness 
Temperature ≤  6°C 

1 Field QA/QC will be collected separately for each matrix listed. 
2 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 
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TABLE 2-5D 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Surface Soil, Subsurface Soil 
Analytical Group: Grain-size 

QC Sample  Analytical Group  Frequency  DQIs  MPC 

None  Grain size  Not applicable 
(NA)  NA  NA 

 
 

TABLE 2-5E 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Groundwater 
Analytical Group: VOCs 
Concentration Level: Medium 

QC Sample  Analytical Group  Frequency  DQIs  MPC 

Field Duplicate 

VOCs 

1 per 10 field samples  Precision  RPD ≤ 30% 

Equipment Blank  1 per day of sampling, per 
type of equipment  Bias/ Contamination  Target analytes ≤  1/2 LOQ 

Trip Blank  1 per cooler to the laboratory  Bias/ Contamination  Target analytes ≤  1/2 LOQ 

Cooler Temperature 
Indicator  1 per cooler to the laboratory  Representativeness  Temperature ≤  6 °C 

 

 
TABLE 2-5F 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Groundwater 
Analytical Group: Total Metals, including Mercury; Dissolved Metals, including Mercury1 

Concentration Level: Medium / Low 

QC Sample  Analytical Group  Frequency  DQIs  MPC 

Field Duplicate 

Metals, including 
Mercury  

1 per 10 field 
samples  Precision  RPD ≤ 20% 

Equipment Blank 

1 per day of 
sampling, per type 
of equipment  Bias/ Contamination  Target analytes ≤  1/2 LOQ 

Cooler Temperature 
Indicator 

1 per cooler to the 
laboratory  Representativeness  Temperature ≤  6°C 

1 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 

 
TABLE 2-5G 
Measurement Performance Criteria Table for Field QC Samples 
Matrix: Groundwater 
Analytical Group: Wet Chemistry (Methane, Ethane, Ethene; Alkalinity, Nitrate, Nitrite, Sulfate; Sulfide)1 
Concentration Level: Medium 

QC Sample  Analytical Group  Frequency  DQIs  MPC 

Cooler Temperature 
Indicator     1 per cooler to 

the laboratory  Representativeness 
Temperature ≤  6°C 

1 Field QA/QC as described in this table will be collected and analyzed for each of the analytical groups listed. 
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2.5 Sampling Design and Rationale 
The CAX Partnering Team met to scope this investigation, as outlined in Section 2.1. During these meetings, the 
Team discussed and agreed to the proposed sampling rationale for AOC 8. Figure 7 presents the proposed sample 
locations for each medium to be evaluated, including the proposed test pit and soil and monitoring wells 
locations. Exact sample locations will ultimately be field‐determined, but will be in close proximity to the 
proposed sample locations. 

The proposed sampling scheme and associated rationale for AOC 8 are included in Table 2‐6: 

QC samples will be collected as described in Section 2.4. 

Samples from each medium will be analyzed as outlined in Section 3.3 and will include: 

 Discreet soil (surface and subsurface): PAHs, PCBs, total inorganic constituents, hexavalent chromium (two 
samples), total chromium (one sample), pesticides (one sample) and wet chemistry (for surface soil: TOC, pH, 
grain size; for subsurface soil: pH) 

 5‐point composite soil (surface and subsurface): PAHs, pesticides, PCBs, total inorganic constituents and wet 
chemistry (TOC and pH) 

 Groundwater: VOCs, total inorganic constituents, dissolved inorganic constituents, and wet chemistry (nitrate, 
nitrite, sulfate, sulfide, alkalinity, methane, ethane, and ethane). 

Analytical methods to be employed by the laboratory for each analyte and their respective PALs are listed in 
Appendix A. 

Section 3.1 provides a detailed outline of the field methods to be performed. 
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TABLE 2-6 
AOC 8 Proposed Sampling Scheme and Associated Rationale 

Media   Sample Count  Analysis  Rationale 

Surface Soil  14 

3  PAHs, PCBs, inorganic constituents, TOC, pH, 
grain size 

Collected to determine if site related contaminants exist outside current site study area. 
The data will also be used to determine the nature and extent of contamination and 
support an HHRA and ERA. 

3  PAHs, PCBs, inorganic constituents, TOC, pH, 
grain size 

Collected to determine the nature and extent of contamination within the vicinity of the 
burial area south of the site entrance road (no samples were previously collected from 
this area; therefore there is a spatial data gap in this area). The data will also be used to 
determine the nature and extent of contamination and support an HHRA and ERA. 

1  PAHs, PCBs, inorganic constituents, TOC, pH, 
grain size 

Collected to determine if site related contaminants exist outside the buried debris area at 
the end of the site entrance road (no samples were previously collected from this area; 
therefore there is a spatial data gap in this area). The data will also be used to determine 
the nature and extent of contamination and support an HHRA and ERA. 

1  PAHs, pesticides, PCBs, inorganic constituents, 
TOC, pH, grain size 

Collected to determine if pesticides and site related contaminants are accumulating in the 
low lying area of the site (no samples were previously collected from this area; therefore 
there is a spatial data gap in this area). The data will also be used to determine the nature 
and extent of contamination and support an HHRA and ERA. 

1  PAHs, PCBs, inorganic constituents, hexavalent 
chromium, TOC, pH, grain size 

Collected to determine if site related contaminants are migrating from the area 
immediately downgradient of the 2008 test pit location, where the most extensive buried 
debris was identified. The data will also be used to determine the nature and extent of 
contamination and support an HHRA and ERA. Hexavalent chromium data will be used to 
determine the valency of high chromium concentrations detected during the 2008 SI in 
order to refine the HHRA. 

1  Total and hexavalent chromium  Collected to determine the valency of high chromium concentrations detected during the 
2008 SI in order to refine the HHRA. 

4   PAHs, pesticides, PCBs, inorganic constituents, 
TOC, pH 

5‐point composite samples collected to address the EPA’s concern that there are a limited 
number of soil samples within the area of surface debris and within the immediate area of 
visible debris within the side of the berm. The data will also be used to determine the 
nature and extent of contamination and support an HHRA and ERA. 
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Media   Sample Count  Analysis  Rationale 

Subsurface Soil  13 

3  PAHs, PCBs, inorganic constituents, pH 
Collected to determine if site related contaminants exist outside current site study area. 
The data will also be used to determine the nature and extent of contamination and 
support an HHRA and ERA. 

3  PAHs, PCBs, inorganic constituents, pH 

Collected to determine the nature and extent of contamination within the vicinity of the 
burial area south of the site entrance road (no samples were previously collected from 
this area; therefore there is a spatial data gap in this area). The data will also be used to 
determine the nature and extent of contamination and support an HHRA and ERA. 

1  PAHs, PCBs, inorganic constituents, pH 

Collected to determine if site related contaminants exist outside the buried debris area at 
the end of the site entrance road (no samples were previously collected from this area; 
therefore there is a spatial data gap in this area). The data will also be used to determine 
the nature and extent of contamination and support an HHRA and ERA. 

1  PAHs, pesticides, PCBs, inorganic constituents, 
TOC, pH, grain size 

Collected to determine if pesticides and site related contaminants are accumulating in the 
low lying area of the site (no samples were previously collected from this area; therefore 
there is a spatial data gap in this area). The data will also be used to determine the nature 
and extent of contamination and support an HHRA and ERA. 

1  PAHs, PCBs, inorganic constituents, pH 

Collected to determine if site related contaminants are migrating from the area 
immediately downgradient of the 2008 test pit location, where the most extensive buried 
debris was identified. The data will also be used to determine the nature and extent of 
contamination and support an HHRA and ERA. 

4   PAHs, pesticides, PCBs, inorganic constituents, 
TOC, pH 

5‐point composite samples collected to address the EPA’s concern that there are a limited 
number of soil samples within the area of surface debris and within the immediate area of 
visible debris within the side of the berm. The data will also be used to determine the 
nature and extent of contamination and support an HHRA and ERA. 
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Media   Sample Count  Analysis  Rationale 

Groundwater  6 

2 
VOCs, total and dissolved inorganic constituents, 
nitrate, nitrite, sulfate, sulfide, alkalinity, 
methane, ethane, and ethane 

Collected to determine if groundwater contaminant concentrations exist outside the 
debris disposal areas (no groundwater samples were previously collected from outside the 
buried debris; therefore there is a spatial data gap in this area).The data will also be used 
to assist in determining the degradation and mobility of VOCs and metals and support an 
HHRA and ERA. 

1 
VOCs, total and dissolved inorganic constituents, 
nitrate, nitrite, sulfate, sulfide, alkalinity, 
methane, ethane, and ethane 

Collected to determine if groundwater contaminant concentrations exist in the vicinity of 
the 2008 test pit location, where the most extensive buried debris was identified. The 
data will also be used to assist in determining the degradation and mobility of VOCs and 
metals and support an HHRA and ERA. 

1 
VOCs, total and dissolved inorganic constituents, 
nitrate, nitrite, sulfate, sulfide, alkalinity, 
methane, ethane, and ethane 

Collected to confirm groundwater contaminant concentrations detected during the 2008 
SI (in the immediate vicinity of the 2008 SI groundwater sample where low level PCE 
concentrations were detected). The data will also be used to assist in determining the 
degradation and mobility of VOCs and metals and support an HHRA and ERA. 

2 
VOCs, total and dissolved inorganic constituents, 
nitrate, nitrite, sulfate, sulfide, alkalinity, 
methane, ethane, and ethane 

Collected to determine if groundwater contaminant concentrations are migrating into the 
York River at concentrations that may pose risk to human health or the environment. The 
data will also be used to assist in determining the degradation and mobility of VOCs and 
metals and support an HHRA and ERA. 
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3 Field Project Implementation 
3.1 Field Project Tasks 
The following sections provide a summary of field activities. 

3.1.1 Project Logistics 
In general, work will be performed in Level D personal protective equipment (PPE), which includes hard hat, safety 
glasses, safety toed boots, hearing protection, and impermeable gloves. Upgrades to higher levels of PPE will be 
presented in the Health and Safety Plan (HASP), which will be prepared as part of mobilization efforts and 
available to all field personnel during field activities. In addition, a photoionization detector (PID) will be used for 
monitoring sample locations for VOCs in the breathing zone as a health and safety precaution, which will be 
discussed in the HASP. 

All field activities will be conducted during normal working hours unless requested otherwise by the Navy. 
Following monitoring well installation activities, the site will be restored to its original condition.  

3.1.2 Field Project Tasks  
Applicable Standard Operating Procedures (SOPs) for project tasks outlined in this section are listed in Section 3.2. 

Utility Clearance 
Utility clearance at AOC 8 will be performed prior to the start of subsurface investigation activities. The 
CH2M HILL field staff will coordinate subsurface utility clearance with Miss Utility of Virginia ([800] 552‐7001 or 
811) and obtain available utility maps from CAX (Mr. James Michener at [757] 636‐4084). In addition, a third party 
utility clearance subcontractor will be procured by CH2M HILL to clearly mark utilities in the vicinity of all 
proposed test pit and sampling locations. Any test pit or sampling location interfering with utility locations will be 
relocated to avoid impact to utilities while continuing to meet the intent of the sampling rationale. Proposed 
monitoring wells located within 5 feet of a marked utility will be relocated. If a monitoring well needs to be 
relocated, the field team will use their best judgment in relocating the well and notifying the PM of its new 
location. 

Mobilization 
Following approval of the SAP, CH2M HILL will begin mobilization activities. Before mobilization, all field team 
members will review this SAP and the project‐specific HASP. A field team kickoff meeting will be held to ensure 
that personnel are familiar with the scope of the field activities and discuss any safety issues. Mobilization 
activities include coordination with base personnel and preparation of field equipment. 

Vegetation Clearance 
AOC 8 is located in a wooded area and some locations may require vegetation clearing to gain access. If required, 
prior to sampling activities, vegetation will be cleared in a manner that minimally impacts the site. Trees less than 
3 inches in diameter will be cut and/or low‐hanging tree limbs will be removed. All cut vegetation will remain 
onsite. Cutting will be accomplished through either manual or mechanical methods. Selection of the appropriate 
land‐clearing strategy will be based on the type and density of vegetation, topography, drainage patterns, terrain 
and soil conditions, and the level of effort required to maintain environmental and natural resource protection. 

Test Pitting 
A minimum of 11 test pits will be excavated to delineate the lateral extent of buried debris at AOC 8 (Figure 5). 
Due to the depth of buried debris encountered during the SI, test pits will be completed to 20 feet bgs. If buried 
debris is encountered in some of the test pits, additional test pits will be excavated as warranted in order to 
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determine the lateral extent of buried debris.  Since the maximum excavation depth of an excavator is generally 
around 20 feet bgs, the vertical test pit depths will not exceed 20 feet.  The type of debris, depths, and other 
pertinent information will be recorded in accordance with the Preparing Field Log Books SOP.  

Soil Sampling 
Nine discreet surface (0 to 6 inches) and nine discreet subsurface (6 to 24 inches) soil samples will be collected 
using a stainless steel hand auger and analyzed for site‐related contaminants (PAHs, PCBs, and inorganic 
constituents plus hexavalent chromium [one surface soil sample, in the vicinity of SO04]), one surface (0 to 6 
inches) soil sample will be collected and analyzed for total and hexavalent chromium (in the vicinity of SO06), and 
one discreet surface and subsurface soil sample and four 5‐point surface and subsurface composite samples will 
be collected and analyzed for pesticides and site‐related contaminants (PAHs, PCBs, and inorganic constituents) as 
outlined in Section 3.3. Any relevant information pertaining to evidence of contamination or visual observations 
will be recorded in the sample log book. Samples will be homogenized prior to placement in the laboratory‐
prepared sample container. The SOPs to be used are referenced in Section 3.2. 

Monitoring Well Installation and Development 
A total of six monitoring wells will be installed at AOC 8. Prior to monitoring well installation, soil samples will be 
collected for lithologic characterization at each location in accordance with Unified Soil Classification System 
standards, and field screening of sample headspace will be conducted using a PID as the boreholes are advanced. 
Soil samples will be collected continuously from the ground surface to the final depth of the borehole using either 
DPT or split‐spoon sampling.  

Monitoring wells will be installed using a 4.25‐inch‐inner‐diameter hollow‐stem auger drilling methods. Each 
monitoring well will be constructed with 2‐inch nominal‐diameter Schedule 40 polyvinyl chloride (PVC) screen and 
installed at an anticipated maximum depth of 40 feet. The monitoring well screens will be machine‐slotted 0.010‐
inch PVC. 

A silica filter pack will be placed around the annular space of the well screen from the bottom of the boring 
extending to a depth of 2 feet above the top of the screen. A 2‐foot bentonite layer will be placed above the top 
of the sand pack. After the bentonite has been hydrated, a cement‐bentonite grout will be placed in the 
remaining annular space to the ground surface. The monitoring wells will be completed with a steel protective 
casing finished above grade. A locking watertight cap will be placed on the PVC pipe and the wells will be clearly 
marked. 

Following installation, each monitoring well will be developed by the drilling subcontractor using a submersible 
pump. Each monitoring well will be developed using a combination of surging and pumping throughout the well 
screen. During monitoring well development, CH2M HILL will measure water quality parameters (pH, oxidation 
reduction potential [ORP], temperature, conductivity, turbidity, and dissolved oxygen [DO]) approximately every 5 
minutes with a Horiba U‐22 water quality meter or similar water quality meter and record data in the field 
notebook. In addition, the water quality meter will be calibrated daily (at a minimum) and documented in the field 
notebook. At least three well volumes of water will be removed in addition to the amount of water added during 
the installation process. Development will continue until the water is clear and free of sediment or until 2 hours of 
development have passed, whichever comes first. Development information, including ORP, temperature, 
conductivity, turbidity, DO, and gallons removed will be recorded in the field logbook. 

Water-Level Survey 
Following monitoring well installation and development, and prior to the start of groundwater sampling, the 
depth to groundwater to the nearest 0.01 foot will be measured from all monitoring wells. Measurements will be 
made from the lip of the PVC riser, which will be marked with an indelible marker. If during removal of the locking 
well cap, the well demonstrates signs of being under pressure (e.g., escaping air sounds, cap being pushed off by 
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pressure), then the depth to water in that monitoring well will not be measured for a period of 1 hour in order to 
allow for the water level to equilibrate. Measurements of depth to water and time will be recorded in the field 
logbook. 

Groundwater Sampling 
Each newly‐installed monitoring well will be sampled using a Monsoon pump (or similar) using low‐flow sampling 
protocol and the samples analyzed for VOCs, total and dissolved inorganic constituents, and natural attenuation 
parameters (wet chemistry parameters – nitrate, nitrite, sulfate, sulfide, alkalinity, methane, ethane, and ethane) 
as outlined in Section 3.3. All groundwater samples will be collected by placing the sample tubing intake in the 
middle of the vertical screen interval. Water quality parameters (pH, ORP, temperature, conductivity, turbidity, 
and DO) will be measured with a Horiba U‐22 water quality meter or similar and data will be recorded in the field 
notebook approximately every 5 minutes. In addition, the water quality meter will be calibrated daily (at a 
minimum) and documented in the field notebook. 

DO will be field‐verified using CHEMetrics test kits, and ferrous iron will be measured to evaluate redox potential 
to assist in determining the mobility of inorganic constituents in groundwater. Sampling will begin when water 
quality parameters have stabilized over three consecutive readings  (i.e., when measurements agree as follows): 

 pH within 0.1 pH unit 
 Conductivity within 3 percent 
 DO within 10 percent 
 ORP within 10 millivolts 
 Turbidity measurements within 10 percent or turbidity is minimized to the extent practical for the well 

If the recharge rate of the well is so low that the well goes dry despite a flow rate of 0.1 liter per minute, purging 
will stop and the well allowed to recharge before purging continues. Sampling will be conducted once at least one 
well volume has been removed.  

Slug Testing 
Rising and falling head slug tests will be performed in all monitoring wells to evaluate aquifer hydraulic 
conductivity in the vicinity of the well. Slug tests will be performed after groundwater sampling, using solid PVC 
slugs with clean bailer rope. To conduct the falling head test, the PVC slug will be quickly added to the well and 
the water level allowed to stabilize to within 90 percent of the original static water level.  The rising head test will 
then be started by rapidly removing the PVC slug, which will cause a drop in the water level. A pressure 
transducer, such as a MiniTroll transducer and data recorder capable of measuring to 0.01 foot, will be used along 
with an electronic recording device such as an In‐Situ Hermit to obtain water‐level readings during the slug testing 
activities. The transducer and recording device will be used to record changes in pressure associated with water‐
level recovery. A slug test will be considered complete when water levels have recovered 90 percent of the well’s 
pre‐test level.  

Equipment Decontamination 
All non‐disposable sampling equipment will be decontaminated before and immediately after each use, as 
described in the applicable SOPs referenced in Section 3.2. Equipment will be decontaminated with Liquinox (or 
equivalent solution) and allowed to dry between each use. The water‐level indicator will be scrubbed with 
deionized water between each measurement. All decontamination liquids will be containerized and handled 
according to the following IDW Handling section. Disposable equipment (such as tubing for low‐flow sampling, 
filters, paper towels, and disposable PPE) will be disposed as ordinary trash.  

Heavy equipment such as drill rig equipment (augers, rods, or split spoons) will be high temperature pressure 
washed before use at each new monitoring well location. A decontamination pad will be set up onsite to prevent 
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runoff of the decontamination water and to allow easy collection of decontamination fluids into a 55‐gallon drum 
for treatment as IDW. 

Investigation-derived Waste Handling 
All IDW generated during this project is anticipated to be non‐hazardous; however, it will be fully characterized in 
order to ensure it is transported and disposed in accordance with all pertinent regulations.  

The IDW generated during monitoring well installation and sampling will be soil cuttings, monitoring well 
development water, purge water, and solutions used to decontaminate non‐disposable sampling equipment. Solid 
and aqueous IDW will be containerized separately in Department of Transportation‐approved 55‐gallon drums, 
which will be stored onsite. Secondary containment for IDW storage will be large enough to contain 10 percent of 
the volume of containers or the volume of the largest container, whichever is greater. The IDW storage area will 
be covered with a tarp to minimize potential exposure to the drums and to prevent rain water from accumulating 
in the secondary containment. It is anticipated that 20 drums of solid IDW and 15 drums of aqueous IDW will be 
generated. 

Unless there is evidence of gross contamination, one composite soil sample and one composite groundwater 
sample will be collected for the purpose of IDW characterization. These samples will be analyzed for the full TCLP 
list ‐ ignitability, corrosivity, and reactivity. All drums will be removed from the site within 90 days of generation 
(with Navy approval). 

Disposable equipment, including PPE and paper towels, will be disposed as ordinary trash. 

Surveying 
Following sample collection, soil sample locations will be marked in the field using pin flags, with the sample 
station clearly labeled. All soil sample locations will be horizontally located and all monitoring wells will be 
horizontally and vertically located by a Virginia‐licensed surveyor. The surveyor will provide coordinates of all 
horizontal points X and Y to the nearest 0.5 foot and vertical points Z to the nearest 0.01 foot (0.1 foot for 
unpaved ground surface elevations). 

Quality Control 
QC samples will be collected as outlined in Appendix A, Tables A‐3a through A‐3n. Field and laboratory activities 
will be implemented following the applicable SOPs, as referenced in Section 3.2 and Appendix A, Tables A‐2a 
through A‐2c.  
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3.2 Field SOPs Reference Table 
Applicable SOPs for project tasks are outlined in Table 3‐1 and included as Appendix C. 

TABLE 3-1 
Field SOPs Reference Table 

SOP Reference 
Number 

Title/Author 
Revision Date or Version 

Number 
Location of SOP (if not included in the SAP)  

Any planned 
deviation for 
Project Work 

Comments 

001_BlankPrep  Equipment Blank and Field Blank 
Preparation 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Sample Preparation and Handling 

NA  NA 

002_COC  Chain‐of‐Custody  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Sample Preparation and Handling 

NA  NA 

003_Decon  Decontamination of Personnel and 
Equipment 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Decontamination 

NA  NA 

004_DeconRig  Decontamination of Drilling Rigs 
and Equipment 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Decontamination 

NA  NA 

005_DrumSamp  Sampling Contents of Tanks and 
Drums 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Other 

NA  NA 

006_Disposal  Disposal of Waste Fluids and Solids  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Decontamination 

NA  NA 

007_GPS  Global Positioning System  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Other 

NA  NA 

008_HomoSamp  Homogenization of Soil and 
Sediment Samples 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Sample Preparation and Handling 

NA  NA 

009_Trench  Trenching for Landfill Delineation  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ MASTER\Soil 
Sampling 

NA  NA 

010_FieldLog  Preparing Field Log Books  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ MASTER\Log 
Books 

NA  NA 

011_LowFlowSamp  Low‐Flow Groundwater Sampling 
from Monitoring Wells 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Groundwater Sampling 

NA  NA 

012_MiniRAE  Mini RAE Photoionization Detector 
(PID) 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Health and Safety 

NA  NA 

013_MWInstall  General Guidance for Monitoring 
Well Installation 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Hydrogeology 

NA  NA 

014_GWSamp  Groundwater Sampling from 
Monitoring Wells 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Groundwater Sampling 

NA  NA 
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TABLE 3-1 
Field SOPs Reference Table 

SOP Reference 
Number 

Title/Author 
Revision Date or Version 

Number 
Location of SOP (if not included in the SAP)  

Any planned 
deviation for 
Project Work 

Comments 

015_InstallMWShallow  Installation of Shallow Monitoring 
Wells 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Hydrogeology 

NA  NA 

016_SBLog  Logging of Soil Borings  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ MASTER\Soil 
Sampling 

NA  NA 

017_SoilSampShallow  Shallow Soil Sampling  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ MASTER\Soil 
Sampling 

NA  NA 

018_Ship  Packaging and Shipping 
Procedures for Low‐Concentration 
Samples 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Sample Preparation and Handling 

NA  NA 

019_SlugTest  Aquifer Slug Testing  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Hydrogeology 

NA  NA 

021_SoilSamp  Soil Sampling  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ MASTER\Soil 
Sampling 

NA  NA 

021_UtilLoc  Locating and Clearing 
Underground Utilities 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Utility Location 

NA  NA 

022_VOC SampGW  VOC Sampling‐Water  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Sample Preparation and Handling 

NA  NA 

023_WaterLevel  Water Level Measurements  8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Hydrogeology 

NA  NA 

024_FieldParam  Field Measurement of pH, Specific 
Conductance, Turbidity, Dissolved 
Oxygen, ORP, and Temperature 
Using a Water Quality Parameter 
Meter with Flow‐through Cell 

8/2012  \\orion\proj\CLEANII\SOPS\1 ‐ 
MASTER\Field Parameters 

NA  NA 
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3.3 Sample Details Table 
Soil and groundwater samples collected as part of this RI will be analyzed as outlined in Table 3‐2. 

TABLE 3-2 Aqueous              Solid 
Sample Details Table    Wet Chemistry             

  

      Analysis Group  VOCs 

Total 
Inorganic 

constituents, 
including 
mercury 

Dissolved 
Inorganic 

Constituents 
Metals, 
including 
mercury 

Methane, 
Ethane, 
Ethene 

Alkalinity 
Nitrate, 
Nitrite, 
Sulfate 

Sulfide  PAHs  Pesticides  PCBs  CrVI  PAHs  Pesticides  PCBs 

Inorganic 
Constituent
s, including 
mercury 

CrVI 
Grain‐
size 

Wet chemistry 
(pH and TOC) 

CTO‐055 
CAX AOC 8 

Remedial Investigation Sampling 
Fall 2012, tentative 

 
 

Main Laboratory 
ENCO ‐ Orlando 

10775 Central Port Drive 
Orlando, FL 32824 

Ronnie Wambles ‐ (407)826‐5314 
 

Hexavalent Chromium Laboratory 
ALS Environmental 

1565 Jefferson Road, Building 300, Suite 360 
Rochester, NY 14623 

Deb Patton ‐ (585)‐672‐7473 

Preparation and 
Analytical 
Method 

SW‐846 
5030/8260B 

SW‐846 
6020A, 
7470A 

SW‐846 
6020A, 
7470A 

RSK‐175 USEPA 
310.2 

SW‐846 
9056 

SM 
4500‐S2‐
E (18th 
Ed.) 

SW‐846 
8270D‐
SIM 

SW‐846 
8081B 

SW‐846 
8082A 

SW‐846 
7199 

SW‐846 
3550C/8
270D‐
SIM 

SW‐846 
3550C/808
1B 

SW‐846 
3550C/8082A 

SW‐846 
6010C, 
7471A 

SW‐
846 
7199 

ASTM 
D422 
(sieve 
only) 

SW‐846 
9045D 

Walk
ley 
Black 

Analytical 
Laboratory/ 
Analytical SOP 
Reference 

VCGMS‐05  MET‐15, 
MET‐03 

MET‐15, 
MET‐03 

VCG‐11 WETS‐47 WETS‐57 WETS‐61 SVCGMS‐
03 

SVCG‐04 SVCG‐07 GEN‐7199 SVCGMS
‐03 

SVCG‐04  SVCG‐07  MET‐05, 
MET‐16 

GEN‐
7199 

AG‐
SOP‐
014B 

WETS‐
56 

WET
S‐90 

Data Package 
Turnaround 
Time 

28 Calendar Days 

Container Type/ 
Volume required 
(if different than 
container 
volume) 

3 of 40‐
milliliter 
(ml) Glass 
Vials 

1 of 250‐ml 
Plastic/100‐
mL 

1 of 250‐mL 
Plastic/100‐
mL 

2 of 40‐mL 
Vials 

1 of 250‐mL 
Plastic/50‐mL 

1 of 250‐
mL 
Plastic/5
0‐mL 

1 of 1L 
amber 
/500‐mL 

1 of 1L 
amber 
/500‐mL 

1 of 1L 
amber 
/500‐mL 

1 of 250‐
mL 
Plastic/25
‐mL 

2 of 4‐ounce(oz) glass/ 200‐grams (g)  1 of 4‐oz 
glass/150‐g 

1 of 4‐
oz 
glass/ 
5‐g 

1 of 4‐
oz 
glass/ 
150‐g 

1 of 4‐oz 
glass/100‐g 

Preservative 

HCl, Cool to 
<6° C 

HNO3, Cool 
to <6° C 

HNO3, Cool 
to <6° C 

HCl, Cool 
to <6° C 

Cool to < 6°C ZnAc + 
NaOH, 
cool to < 
6°C 

Cool to < 6°C Cool to < 
6°C 

Cool to < 6°C  None Cool to < 6°C

Holding Time 
(Preparation/ 
Analysis)2 

14 days  28 days for 
Mercury, 180 
days others 

28 days for 
Mercury, 180 
days others 

14 days  14 days 2 days, 
(28 days 
for 
Sulfate) 

7 days 7days/ 40days 24‐hours 14 days/40 days  365 days  28 days for 
Mercury, 
180 days 
others 

30 days 
to 
prep/  
7 days 
from 
prep to 
analysis 

None 1 day 28 
days 

Matrix  Station ID  Sample ID  Sampling Depth    
Groundwater Samples                         

GW 

CAA08‐MW01 
CAA08‐GW01‐
MMYY  NA 

X  X  X  X  X  X  X                                     

CAA08‐MW02 
CAA08‐GW02‐
MMYY  NA 

X  X  X  X  X  X  X                                     

CAA08‐MW03 
CAA08‐GW03‐
MMYY  NA 

X  X  X  X  X  X  X                                     

CAA08‐MW04 
CAA08‐GW04‐
MMYY  NA 

X  X  X  X  X  X  X                                     

CAA08‐MW05 
CAA08‐GW05‐
MMYY  NA 

X  X  X  X  X  X  X                                     

CAA08‐MW06 
CAA08‐GW06‐
MMYY  NA 

X  X  X  X  X  X  X                                     

Groundwater QA/QC Samples3                                                                

Field 
Duplicate  CAA08‐MW01 

CAA08‐GW01P‐
MMYY  NA 

X  X  X                                                 

Matrix Spike  CAA08‐MW02 
CAA08‐GW02‐
MMYY‐MS  NA 

X  X  X                                                 
Matrix  Spike 
Duplicate  CAA08‐MW02 

CAA08‐GW02‐
MMYY‐SD  NA 

X  X  X                                                 
Equipment 
Blank  CAA08‐QC 

CAA08‐EBMMDDYY‐
GW  NA 

X  X  X                                                 

Trip Blank  CAA08‐QC  CAA08‐TBMMDDYY  NA  X                                                       
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TABLE 3-2 Aqueous              Solid 
Sample Details Table    Wet Chemistry             

  

      Analysis Group  VOCs 

Total 
Inorganic 

constituents, 
including 
mercury 

Dissolved 
Inorganic 

Constituents 
Metals, 
including 
mercury 

Methane, 
Ethane, 
Ethene 

Alkalinity 
Nitrate, 
Nitrite, 
Sulfate 

Sulfide  PAHs  Pesticides  PCBs  CrVI  PAHs  Pesticides  PCBs 

Inorganic 
Constituent
s, including 
mercury 

CrVI 
Grain‐
size 

Wet chemistry 
(pH and TOC) 

Matrix  Station ID  Sample ID  Sampling Depth    

Soil Samples                                                                   

SS, SB 

CAA08‐MW01 
CAA08‐SS10‐MMYY  0‐6''                                   X     X  X  X  X  X  X 
CAA08‐SB10‐0H02‐
MMYY  6‐24'' 

                                 X     X  X        X    

CAA08‐MW02 
CAA08‐SS11‐MMYY  0‐6''                                   X     X  X     X  X  X 
CAA08‐SB11‐0H02‐
MMYY  6‐24'' 

                                 X     X  X        X    

CAA08‐MW03 
CAA08‐SS12‐MMYY  0‐6''                                   X     X  X     X  X  X 
CAA08‐SB12‐0H02‐
MMYY  6‐24'' 

                                 X     X  X        X    

CAA08‐MW04 
CAA08‐SS13‐MMYY  0‐6''                                   X     X  X     X  X  X 
CAA08‐SB13‐0H02‐
MMYY  6‐24'' 

                                 X     X  X        X    

CAA08‐SO14 
CAA08‐SS14‐MMYY  0‐6''                                   X     X  X     X  X  X 
CAA08‐SB14‐0H02‐
MMYY  6‐24'' 

                                 X     X  X        X    

CAA08‐SO15 
CAA08‐SS15‐MMYY  0‐6''                                   X     X  X     X  X  X 
CAA08‐SB15‐0H02‐
MMYY  6‐24'' 

                                 X     X  X        X    

CAA08‐SO16 
CAA08‐SS16‐MMYY  0‐6''                                   X     X  X     X  X  X 
CAA08‐SB16‐0H02‐
MMYY  6‐24'' 

                                 X     X  X        X    

CAA08‐SO17 
CAA08‐SS17‐MMYY  0‐6''                                   X     X  X     X  X  X 
CAA08‐SB17‐0H02‐
MMYY  6‐24'' 

                                 X     X  X        X    

CAA08‐SO18  CAA08‐SS18‐MMYY  0‐6''                                           
Chromium 

only  X          

CAA08‐SO19 
CAA08‐SS19‐MMYY  0‐6''                                   X  X  X  X     X  X  X 
CAA08‐SB19‐0H02‐
MMYY  6‐24'' 

                                 X  X  X  X        X    

Composite 
SS, 
Composite 
SB 

CAA08‐SO20 
CAA08‐SO20‐MMYY 

0‐6'', 5 pt 
composite                                   X  X  X  X        X  X 

CAA08‐SO20‐0H02‐
MMYY 

6‐24'', 5 pt 
composite                                   X  X  X  X        X    

CAA08‐SO21 
CAA08‐SO21‐MMYY 

0‐6'', 5 pt 
composite                                   X  X  X  X        X  X 

CAA08‐SO21‐0H02‐
MMYY 

6‐24'', 5 pt 
composite                                   X  X  X  X        X    

CAA08‐SO22 
CAA08‐SO22‐MMYY 

0‐6'', 5 pt 
composite                                   X  X  X  X        X  X 

CAA08‐SO22‐0H02‐
MMYY 

6‐24'', 5 pt 
composite                                   X  X  X  X        X    

CAA08‐SO23 
CAA08‐SO23‐MMYY 

0‐6'', 5 pt 
composite                                   X  X  X  X        X  X 

CAA08‐SO23‐0H02‐
MMYY 

6‐24'', 5 pt 
composite                                   X  X  X  X        X    
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TABLE 3-2 Aqueous              Solid 
Sample Details Table    Wet Chemistry             

  

      Analysis Group  VOCs 

Total 
Inorganic 

constituents, 
including 
mercury 

Dissolved 
Inorganic 

Constituents 
Metals, 
including 
mercury 

Methane, 
Ethane, 
Ethene 

Alkalinity 
Nitrate, 
Nitrite, 
Sulfate 

Sulfide  PAHs  Pesticides  PCBs  CrVI  PAHs  Pesticides  PCBs 

Inorganic 
Constituent
s, including 
mercury 

CrVI 
Grain‐
size 

Wet chemistry 
(pH and TOC) 

Matrix  Station ID  Sample ID  Sampling Depth    
 Soil QA/QC 
Samples3                                                                   

Field 
Duplicate 

CAA08‐MW01 
CAA08‐SS10P‐
MMYY  0‐6''                                   X     X  X             

CAA08‐MW01 
CAA08‐SB10P‐0H02‐
MMYY  6‐24''                                   X     X  X             

CAA08‐SO18 
CAA08‐SS18P‐
MMYY  0‐6''                                           

Chromium 
only  X          

CAA08‐SO20 

CAA08‐SO20P‐
MMYY 

0‐6'', 5 pt 
composite                                   X  X  X  X             

CAA08‐SO20P‐0H02‐
MMYY 

6‐24'', 5 pt 
composite                                   X  X  X  X             

Matrix Spike 

CAA08‐SO18 
CAA08‐SS18‐MMYY‐
MS  0‐6''                                               X          

CAA08‐SO19 

CAA08‐SS19‐MMYY‐
MS  0‐6'' 

                                 X  X  X  X             
CAA08‐SB19‐0H02‐
MMYY‐MS  6‐24'' 

                                 X  X  X  X             

Matrix Spike 
Duplicate 

CAA08‐SO18 
CAA08‐SS18‐MMYY‐
MS  0‐6''                                               X          

CAA08‐SO19 

CAA08‐SS19‐MMYY‐
SD  0‐6'' 

                                 X  X  X  X             
CAA08‐SB19‐0H02‐
MMYY‐SD  6‐24'' 

                                 X  X  X  X             
Equipment 
Blank  CAA08‐QC 

CAA08‐EBMMDDYY‐
SO  NA    

X  X              X  X  X  X                         

        

Total Number of 
Samples to the 
Laboratory: 

11  11  11  6  6  6  6  1  1  1  1  34  16  34  36  5  9  26  13 

Notes: 
1 For a complete reference of laboratory SOPs, see the Analytical SOP References Table. 
2 Maximum holding time is calculated from the time the sample is collected to the time the sample is prepared/analyzed.  
3 Field QC counts may change depending on the duration of field event. Frequency of QA/QC sample collection is noted on the Measurement Performance Criteria Table in Section 2.4 of the UFP‐SAP and is as follows :

Field Duplicate ‐ One per 10 field samples 
MS/MSD ‐ One pair per 20 field samples of similar matrix (including field duplicates) 
Equipment Blank‐ For disposable equipment, one per week of sampling; for decontaminated equipment, one per type of sampling equipment, per day of sampling
Field Blank‐ No field blanks will be collected for this project 

 
 



TIER II SAMPLING AND ANALYSIS PLAN 
AOC 8 – REMEDIAL INVESTIGATION, NAVAL WEAPONS STATION YORKTOWN CHEATHAM ANNEX, WILLIAMSBURG, VIRGINIA 
REVISION NO: 0 
JUNE 2013 
PAGE 50 
 

 

This page intentionally left blank. 



TIER II SAMPLING AND ANALYSIS PLAN 
AOC 8 – REMEDIAL INVESTIGATION, NAVAL WEAPONS STATION YORKTOWN CHEATHAM ANNEX, WILLIAMSBURG, VIRGINIA 

REVISION NO: 0 
JUNE 2013 

PAGE 51 
 

 

4 References 
Baker Environmental Inc. (Baker). 2001. Final Field Investigation Report, Site 7 and AOC 2, Naval Weapons Station 
Yorktown Cheatham Annex, Williamsburg, Virginia. March. 

CH2M HILL. 2011a. Final November 16, 2011 Partnering Meeting Minutes, CAX Partnering Team. November. 

CH2M HILL. 2011b. Final Background Study Report, Naval Weapons Station Yorktown, Yorktown, Virginia and 
Cheatham Annex, Williamsburg, Virginia. May. 

CH2M HILL. 2012. Draft Final Site Inspection Report, Areas of Concern 1, 2, 6, 7, and 8, Naval Weapons Station 
Yorktown, Yorktown, Virginia and Cheatham Annex, Williamsburg, Virginia. January. 

USEPA., 1993. Region III Modifications to the Laboratory Data Validation Guidelines for Inorganic Data Review. 
April 

USEPA. 1994. Region III Modifications to the National Functional Guidelines for Organic Data Review. September. 

USEPA. 2005. Guidance for Uniform Federal Policy for Quality Assurance Project Plans. March.  

Virginia Institute of Marine Science (VIMS). Virginia Estuarine and Coastal Monitoring System (VECOS), Gloucester 
Point Continuous Monitoring Station. http://www3.vims.edu/vecos. Accessed 26 October 2012 for the period 
April through September 2012. 

   



TIER II SAMPLING AND ANALYSIS PLAN 
AOC 8 – REMEDIAL INVESTIGATION, NAVAL WEAPONS STATION YORKTOWN CHEATHAM ANNEX, WILLIAMSBURG, VIRGINIA 
REVISION NO: 0 
JUNE 2013 
PAGE 52 
 

 

 

This page intentionally left blank.  

 



 

 

 

Figures



Figure 1
Base Location Map

AOC 8 Remedial Investigation UFP-SAP
Cheatham Annex

Williamsburg, Virginia

Cheatham
Pond

Jones
Pond

Youth
Pond

York River

King C
ree

k

Colonial Parkway

Queens C
reek

Penniman
Lake

AOC 8

Legend

Site Boundary

Cheatham Annex Boundary
/

0 1,000 2,000

Feet

VBO  \\NORTHEND\PROJ\USNAVFACENGCOM\CHEATHAMANNEX\MAPFILES\388429_AOC8_SAMPLING\FIGURE 1 - WPNSTA BASE LOCATION MAP.MXD  BHATHAWA 4/23/2012 2:44:09 PM

York
River

Williamsburg

§̈¦64
CAX



I= 
CH2MHILL 

Figure 2
AOC 8 Site Map

AOC 8 Remedial Investigation UFP-SAP
Cheatham Annex

Williamsburg, Virginia

York River

Lynch Road D Street

AOC 8C
ha

se
 R

oa
d

20

20

10

25

10

Legend
Approximate AOC 8 Study Area

CAX Boundary

Observed Surficial Debris

Approximate Location of Visible Debris
within the Side Berm

Approximate Location of Berm

Topographic Surface Contour
(feet above mean sea level)

/
0 40 80

Feet

DVR  \\MNUSTRICTGFS01\PROJECTS\USNAVFACENGCOM405450\CHEATHAMANNEX\MAPFILES\388429_AOC8_UFPSAP\FIGURE 2 - AOC8 SITE MAP.MXD  JCROCKETT 4/12/2013 1:36:01 PM



/ 
/ 

/ 
/ 

/ 
/ 

/ 

111-  
Water Table (estimated to be <30' bgs) 

CH2MH I LL. 

D Street

D Street

YORK

RIVER

YORKTOWN CONFINING UNIT

YORKTOWN CONFINING UNIT

YORKTOWN EASTOVER AQUIFER

YORKTOWN EASTOVER AQUIFER Water Table (estimated to be <30' bgs)

Water Table (estimated to be <30' bgs)

ES033011003122VBO   CSMCAXAOC_Fig3_CMS_Site_AOC8_rev7.ai    05/05/2013    LED

FIGURE 3
AOC 8 Conceptual Site Model 
AOC 8 Remedial Investigation UFP-SAP  
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Figure 4
AOC 8 Site Inspection Sampling Locations
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Figure 6
AOC 8 Decision Tree

Sampling and Analysis Plan 
Cheatham Annex

Williamsburg, Virginia
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Figure 7

Proposed Sample Locations
AOC 8 Remedial Investigation UFP-SAP RTCs

Cheatham Annex
Williamsburg, Virginia

")

")

")

")

")

")

")

")

")

!( !(

!(

!(

!?

#*

#*

!?

!?

#*
#*

!?

!?

!?

%,

%, #*

!?

!?

Ly
nc

h R
oa

d

D Street

York River

Legend

%,
Proposed Surface Soil Samples
(for Hexavalent Chromium Analysis)

#* Proposed Surface/Subsurface Soil Samples

#*
Proposed Surface/Subsurface Soil Sample
From Site Low Lying Area

!?
Proposed Surface/Subsurface Soil Samples
Co-Located with Groundwater Samples

!? Proposed Groundwater Samples

!( Groundwater/Soil Sample Location (2008 SI)

") Soil Sample Location (2008 SI)

Approximate Location of Berm

Approximate AOC 8 Study Area

Observed Surficial Debris

Approximate Location of Visible Debris
within the Side Berm

5 Point Composite Sampling Areas

/
0 35 70

Feet

DVR  \\MNUSTRICTGFS01\PROJECTS\USNAVFACENGCOM405450\CHEATHAMANNEX\MAPFILES\388429_AOC8_UFPSAP\FIGURE 7 - PROPOSED SAMPLE LOCATIONS.MXD  JCROCKETT 5/2/2013 7:53:54 AM

SO04

SO04



 

 

Appendix A 
Laboratory-Specific Information 

 



TIER II SAMPLING AND ANALYSIS PLAN 
AOC 8 – REMEDIAL INVESTIGATION, NAVAL WEAPONS STATION YORKTOWN CHEATHAM ANNEX, WILLIAMSBURG, VIRGINIA 

REVISION NO: 0 
JUNE 2013 
PAGE A-1 

 

 

A.1 Reference Limits and Evaluation Tables 
Samples will be collected and analyzed for the analytical groups and methods detailed in Section 3.3, Sample Details Table (Table 4). The PALs and 
laboratory reporting limits for each analyte from these samples are provided in Reference Limits and Evaluation Tables (Tables A‐1a through A‐1j).  
TABLE A-1a 
Reference Limits and Evaluation Table 
Matrix: Surface Soil, Subsurface Soil 
Analytical Group: PAHs 

Analyte Name  CAS No. 

PALs1,4 

Project QL 
Goal3,4 (µg/kg) 

Laboratory Limits (µg/kg)  LCS and MS/MSD Recovery Limits5 (%) 

Adjusted Residential Soil 
RSL, Nov 2012 (µg/kg)  CAX Soil ESVs2  LOQ 

Limit of 
Detecti
on 

(LOD) 
Detection 
Limit (DL)  

Lower 
Criteria 

Limit (LCL)  UCL  RPD 

2‐Methylnaphthalene  91‐57‐6  23,000  low molecular 
weight (LMW)  11500  35  25  18  45  105 

30 

Acenaphthene  83‐32‐9  340,000  LMW  170,000  35  25  15  45  110 
Acenaphthylene  208‐96‐8  340,000  LMW  170,000  35  25  18  45  105 
Anthracene  120‐12‐7  1,700,000  LMW  850,000  35  25  14  55  105 

Benzo(a)anthracene  56‐55‐3  150  high molecular 
weight (HMW)  75  35  25  14  50  110 

Benzo(a)pyrene  50‐32‐8  15  HMW  7.5  35  25  15  50  110 
Benzo(b)fluoranthene  205‐99‐2  150  HMW  75  35  25  17  45  115 
Benzo(g,h,i)perylene  191‐24‐2  170,000  HMW  85,000  35  25  15  40  125 
Benzo(k)fluoranthene  207‐08‐9  1,500  HMW  750  35  25  19  45  125 
Chrysene  218‐01‐9  15,000  HMW  7,500  35  25  12  55  110 
Dibenz(a,h)anthracene  53‐70‐3  15  HMW  7.5  35  25  16  40  125 
Fluoranthene  206‐44‐0  230,000  LMW  115,000  35  25  17  55  115 
Fluorene  86‐73‐7  230,000  LMW  115,000  35  25  17  50  110 
Indeno(1,2,3‐cd)pyrene  193‐39‐5  150  HMW  75  35  25  15  40  120 
Naphthalene  91‐20‐3  3,600  LMW  1,800  35  25  18  40  105 
Phenanthrene  85‐01‐8  1,700,000  LMW  850,000  35  25  15  50  110 
Pyrene  129‐00‐0  170,000  HMW  85,000  35  25  16  45  125 
Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 
2 The ESV for the sum of all HMW PAHs is 18,000 µg/kg. The ESV for the sum of all LMW PAHs is 29,000 µg/kg. 
3 Project QL goals are equal to half of the minimum applicable PAL. 
4 PALs and Project QL Goals assume dry weight basis. 
5 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits. 
Shading indicates instances where the PAL is lower than the LOD. Non‐detects will not be treated as exceedances, though they will be reported at a value greater than the PAL.  
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TABLE A-1b 
Reference Limits and Evaluation Table 
Matrix: Surface Soil, Subsurface Soil 
Analytical Group: Pesticides 

Analyte Name  CAS No. 

PALs1,3 

Project QL 
Goal2,3 (µg/kg) 

Laboratory Limits (µg/kg)  LCS and MS/MSD Recovery Limits4 (%) 

Adjusted Residential Soil 
RSL, Nov 2012 (µg/kg)  CAX Soil ESVs  LOQ  LOD  DL  LCL  UCL  RPD 

4,4'‐DDD  72‐54‐8  2000  583  291.5  1.7  1.0  0.48  30  135 

30 

4,4'‐DDE  72‐55‐9  1400  114  57  1.7  1.0  0.52  70  125 
4,4'‐DDT  50‐29‐3  1700  100  50  1.7  1.0  0.66  45  140 
Aldrin  309‐00‐2  29  3.63  1.815  1.7  1.0  0.49  45  140 
alpha‐BHC  319‐84‐6  77  226  38.5  1.7  1.0  0.56  60  125 
alpha‐Chlordane  5103‐71‐9  1600  11  5.5  1.7  1.0  0.45  65  120 
beta‐BHC  319‐85‐7  270  342  135  1.7  1.0  1.0  60  125 
delta‐BHC  319‐86‐8  270  226  113  1.7  1.0  0.50  55  130 
Dieldrin  60‐57‐1  30  10.5  5.25  1.7  1.0  0.45  65  125 
Endosulfan I  959‐98‐8  37000  6.32  3.16  1.7  1.0  0.39  15  135 
Endosulfan II  33213‐65‐9  37000  6.32  3.16  1.7  1.0  0.48  35  140 
Endosulfan sulfate  1031‐07‐8  37000  6.32  3.16  1.7  1.0  0.49  60  135 
Endrin  72‐20‐8  1800  1.95  0.975  1.7  1.0  0.74  60  135 
Endrin aldehyde  7421‐93‐4  1800  1.95  0.975  1.7  1.0  0.83  35  145 
Endrin ketone  53494‐70‐5  1800  1.95  0.975  1.7  1.0  0.45  65  135 
gamma‐BHC (Lindane)  58‐89‐9  520  7.75  3.875  1.7  1.0  0.50  60  125 
gamma‐Chlordane  5103‐74‐2  1600  11  5.5  1.7  1.0  0.45  60  125 
Heptachlor  76‐44‐8  110  52.9  26.45  1.7  1.0  0.62  50  140 
Heptachlor epoxide  1024‐57‐3  53  52.9  26.45  1.7  1.0  0.48  65  130 
Methoxychlor  72‐43‐5  31000  500  250  1.7  1.0  0.86  55  145 
Toxaphene  8001‐35‐2  440  500  220  33  20  10  60  140 

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 
2 Project QL goals are equal to half of the minimum applicable PAL. 
3 PALs and Project QL Goals assume dry weight basis. 
4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in‐house limits are used. 
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TABLE A-1c 
Reference Limits and Evaluation Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: PCBs 

Analyte Name  CAS No. 

PALs1,3  Project QL 
Goal2,3 
(µg/kg) 

Laboratory Limits (µg/kg) 
LCS and MS/MSD Recovery Limits4 

(%) 

Adjusted Residential Soil 
RSL, Nov 2012 (µg/kg) 

CAX Soil 
ESVs (µg/kg)  LOQ  LOD  DL   LCL  UCL  RPD 

Aroclor‐1016  12674‐11‐2  390  8,000  195  40  20  14  40  140   

 

 

30 

 

 

 

Aroclor‐1221  11104‐28‐2  140  8,000  70  40  20  14  29  185 

Aroclor‐1232  11141‐16‐5  140  8,000  70  40  20  13  29  185 

Aroclor‐1242  53469‐21‐9  220  8,000  110  40  20  10  29  185 

Aroclor‐1248  12672‐29‐6  220  8,000  110  40  20  5.7  29  185 

Aroclor‐1254  11097‐69‐1  110  8,000  55  40  20  15  29  185 

Aroclor‐1260  11096‐82‐5  220  8,000  110  40  20  11  60  130 

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 
2 Project QL goals are equal to half of the minimum applicable PAL. 
3 PALs and Project QL Goals assume dry weight basis. 
4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in‐house limits are used. 
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TABLE A-1d 
Reference Limits and Evaluation Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: Inorganic Constituents (including mercury and hexavalent chromium) 

Analyte Name  CAS No. 
Analytical 
Method 

PALs1,4 

Project QL 
Goal3,4 

(mg/kg) 

Laboratory Limits (mg/kg) 
LCS and MS/MSD Recovery 

Limits5 (%) 

Adjusted 
Residential Soil 
RSL, Nov 2012 

(mg/kg) 

CAX Soil 
ESVs 

(mg/kg) 

CAX SS 
Background2 
(mg/kg) 

CAX SB 
Background2 
(mg/kg)  LOQ  LOD  DL   LCL  UCL  RPD 

Aluminum  7429‐90‐5 

SW‐846 6010C 

7,700 pH < 5.5 12,200 13,000  3,850 20.0 10.0 3.20

80  120 

20 

Antimony  7440‐36‐0  3.1  78  11  No Criterion 
(NC)  1.55 

2.00  1.00  0.340 
Arsenic  7440‐38‐2  0.39 18 6.36 5.54  0.195 2.00 1.00 0.206

Barium  7440‐39‐3  1,500 330 52.9 84.5  26.45 0.500 0.250 0.00990

Beryllium  7440‐41‐7  16 40 0.587 0.52  0.26 0.0500 0.0250 0.00434

Cadmium  7440‐43‐9  7 32 1.5 NC 0.75 0.100 0.0500 0.0160

Calcium  7440‐70‐2  NC NC 2,290 2,380  1,145 25.0 12.5 1.40

Chromium  7440‐47‐3  0.29 64 18.2 33.7  0.145 0.500 0.250 0.0380

Cobalt  7440‐48‐4  2.3 13 9.93 5.18  1.15 0.500 0.250 0.0190

Copper  7440‐50‐8  310 70 4.25 3.17  1.585 0.500 0.250 0.0650

Iron  7439‐89‐6  5,500 5 < pH > 8 19,900 32,000  2750 5.00 2.50 1.60

Lead  7439‐92‐1  400 120 17.4 8.79  4.395 2.00 1.00 0.0800

Magnesium  7439‐95‐4  NC NC 1,070 1,120  535 25.0 12.5 2.52

Manganese  7439‐96‐5  180 220 324 176 88 1.00 0.500 0.0250

Nickel  7440‐02‐0  150 38 9.52 17.6  4.76 0.500 0.250 0.0270

Potassium  7440‐09‐7  NC NC 708 901 354 50.0 25.0 6.10

Selenium  7782‐49‐2  39 0.52 0.51 0.64  0.255 2.00 1.00 0.330

Silver  7440‐22‐4  39 560 2.1 1.1 0.55 0.500 0.250 0.0580

Sodium  7440‐23‐5  NC NC 521 811 260.5 25.0 12.5 3.40

Thallium  7440‐28‐0  0.078 1 NC NC 0.039 2.00 1.00 0.300

Vanadium  7440‐62‐2  39 130 27.9 48.3  13.95 1.00 0.500 0.0510

Zinc  7440‐66‐6  2,300 120 26.5 28 13.25 1.00 0.500 0.150

Chromium VI (Hexavalent)  18540‐29‐9  SW‐846 7199  0.29  0.4  NC  NC  0.145  0.4  0.2  0.106  LCS 80
MS 75 

LCS 120
MS 125 

Mercury  7439‐97‐6  SW‐846 7471A  2.3 0.1 0.111 0.14  0.05 0.0480 0.0240 0.00540 80 120

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. Background values are provided for reference only.
2 Background values are not action limits, however, they are presented here for reference.
3 Project QL goals are equal to half of the minimum applicable PAL.
4 PALs and Project QL Goals assume dry weight basis. 
5 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in‐house limits are used.
Shading indicates instances where the PAL is lower than the LOD. Non‐detects will not be treated as exceedances, though they will be reported at a value greater than the PAL.  
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TABLE A-1e 
Reference Limits and Evaluation Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: Wet Chemistry 

Analyte Name  CAS No.  Analytical Method 

Project 
Indicator 
Level1   Units 

Laboratory Limits 
LCS and MS/MSD Recovery Limits2 

(%) 

LOQ  LOD  DL   LCL  UCL  RPD 

pH  PH  SW‐846 9045D  5<pH<9  pH  1  1  1  99  101  NA 

TOC  TOC  Walkley‐Black  2,000  mg/kg  500  500  500  50  150  25 

Notes: 
1 Project Indicator Limits (PILs) were developed to assist in determining site conditions:   
‐ Data for pH in soil will be used as the ecological screening value for certain metals (aluminum and iron). 
‐ TOC results will be used to determine the bioavailability of organic chemicals. 
2 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in‐house limits are used. 
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TABLE A-1f 
Reference Limits and Evaluation Table 
Matrix: Surface Soil 

Analytical Group: Grain‐size1 

Analyte Name  CAS No.  Units 

GS03 Sieve 3 inches (75 mm)  SIEVE75.0  % Passing 

GS05 Sieve 2inches(50 mm)  SIEVE50.0  % Passing 

GS06 Sieve 1.5 inches (37.5 mm)  SIEVE37.5  % Passing 

GS07 Sieve 1 inch (25 mm)  SIEVE25.0  % Passing 

GS08 Sieve 0.75" (19 mm)  SIEVE19.0  % Passing 

GS10 Sieve 0.375 inch (9.5 mm)  SIEVE9.5  % Passing 

Sieve No. 004 (4.75 mm)  SIEVE4.75  % Passing 

Sieve No. 010 (2.00 mm)  SIEVE2.0  % Passing 

Sieve No. 020 (850 micrometers [µm])  SIEVE850  % Passing 

Sieve No. 040 (425 µm)  SIEVE425  % Passing 

Sieve No. 060 (250 µm)  SIEVE250  % Passing 

Sieve No. 080 (180 µm)  SIEVE180  % Passing 

Sieve No. 100 (150 µm)  SIEVE150  % Passing 

Sieve No. 200 (75 µm)  SIEVE75  % Passing 

Gravel (%)  GRAVEL  % 

Sand (%)  14808‐60‐7  % 

Coarse Sand (%)  COARSESAND  % 

Medium Sand (%)  MEDIUMSAND  % 

Fine Sand (%)  FINESAND  % 

Fines (%)  FINES  % 

Notes: 

There are no PALs or laboratory limits for grain‐size analysis.  

1 Grain-size data will be used to characterize sediment and soil conditions in terms of 
habitat for certain invertebrates, and to compare site to reference habitat conditions. 
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TABLE A-1g 
Reference Limits and Evaluation Table 
Matrix: Groundwater 

Analytical Group: VOCs 

Analyte Name  CAS No. 

PALs1 

Project QL 
Goal3 
(µg/L) 

Laboratory Limits (µg/L) 
LCS and MS/MSD Recovery 

Limits4 (%) 

Adjusted Tap water 
RSL, Nov 2012 

Micrograms per Liter 
(µg/L) 

MCL 
(µg/L) 

Surface 
Water ESV2 

(µg/L) 
BTAG ESV2 
(µg/L)  LOQ  LOD  DL   LCL  UCL  RPD 

1,1,1‐Trichloroethane  71‐55‐6  750  200  312  312  100  2.0  1.0  0.80  65  130 

30 

1,1,2,2‐Tetrachloroethane  79‐34‐5  0.066  NC  90.2  90.2  0.033  2.0  1.0  0.54  65  130 
1,1,2‐Trichloro‐1,2,2‐trifluoroethane 
(Freon‐113)  76‐13‐1  5,300  NC  NC  NC  2,650 

2.0  1.0  0.73  47  173 

1,1,2‐Trichloroethane  79‐00‐5  0.041  5  550  550  0.0205  2.0  1.0  0.76  75  125 
1,1‐Dichloroethane  75‐34‐3  2.4  NC  NC  47.0  1.2  2.0  1.0  0.62  70  135 
1,1‐Dichloroethene  75‐35‐4  26  7  2,240  2,240  3.5  2.0  1.0  0.94  70  130 
1,2,4‐Trichlorobenzene  120‐82‐1  0.39  70  5.40  5.40  0.195  2.0  1.0  0.70  65  135 
1,2‐Dibromo‐3‐chloropropane  96‐12‐8  0.00032  0.2  NC  NC  0.00016  10  5.0  0.96  50  130 
1,2‐Dibromoethane  106‐93‐4  0.0065  0.05  NC  NC  0.00325  2.0  1.0  0.78  82  120 
1,2‐Dichlorobenzene  95‐50‐1  28  600  42.0  42.0  14  2.0  1.0  0.73  70  120 
1,2‐Dichloroethane  107‐06‐2  0.15  5  1,130  1,130  0.075  2.0  1.0  0.63  70  130 
1,2‐Dichloropropane  78‐87‐5  0.38  5  2,400  2,400  0.19  2.0  1.0  0.80  75  125 
1,3‐Dichlorobenzene  541‐73‐1  NC  NC  28.5  28.5  14.25  2.0  1.0  0.77  75  125 
1,4‐Dichlorobenzene  106‐46‐7  0.42  75  19.9  19.9  0.21  2.0  1.0  0.76  75  125 
2‐Butanone  78‐93‐3  490  NC  NC  14,000  245  25  12  4.5  30  150 
2‐Hexanone  591‐78‐6  3.4  NC  NC  99.0  1.7  5.0  2.5  1.4  55  130 
4‐Methyl‐2‐pentanone  108‐10‐1  100  NC  123,000  123,000  50  5.0  2.5  0.79  60  135 
Acetone  67‐64‐1  1,200  NC  564,000  564,000  600  25  12  1.8  40  140 
Benzene  71‐43‐2  0.39  5  110  110  0.195  2.0  1.0  0.71  80  120 
Bromodichloromethane  75‐27‐4  0.12  80  NC  NC  0.06  2.0  1.0  0.52  75  120 
Bromoform  75‐25‐2  7.9  80  640  640  3.95  2.0  1.0  0.75  70  130 
Bromomethane  74‐83‐9  0.7  NC  120  120  0.35  2.0  1.0  0.95  30  145 
Carbon disulfide  75‐15‐0  72  NC  NC  0.92  0.46  10  5.0  2.6  35  160 
Carbon tetrachloride  56‐23‐5  0.39  5  1,500  1,500  0.195  2.0  1.0  0.94  65  140 
Chlorobenzene  108‐90‐7  7.2  100  25.0  25.0  3.6  2.0  1.0  0.72  80  120 
Chloroethane  75‐00‐3  2,100  NC  NC  NC  1,050  2.0  1.0  0.98  60  135 
Chloroform  67‐66‐3  0.19  80  815  815  0.095  2.0  1.0  0.80  65  135 
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TABLE A-1g (continued) 
Reference Limits and Evaluation Table 
Matrix: Groundwater 

Analytical Group: VOCs 

Analyte Name  CAS No. 

PALs1 

Project QL 
Goal3 
(µg/L) 

Laboratory Limits (µg/L) 
LCS and MS/MSD Recovery 

Limits4 (%) 

Adjusted Tap water 
RSL, Nov 2012 

Micrograms per Liter 
(µg/L) 

MCL 
(µg/L) 

Surface 
Water ESV2 

(µg/L) 
BTAG ESV2 
(µg/L)  LOQ  LOD  DL   LCL  UCL  RPD 

Chloromethane  74‐87‐3  19  NC  2,700  2,700  9.5  2.0  1.0  0.82  40  125 

 

cis‐1,2‐Dichloroethene  156‐59‐2  2.8  70  680  680  1.4  2.0  1.0  0.53  70  125 
cis‐1,3‐Dichloropropene  10061‐01‐5  0.41  NC  7.90  7.90  0.205  2.0  1.0  0.59  70  130 
Cyclohexane  110‐82‐7  1,300  NC  NC  NC  650  2.0  1.0  0.93  45  147 

Dibromochloromethane  124‐48‐1  0.15  80  NC  NC  0.075  2.0  1.0  0.44  60  135 
Dichlorodifluoromethane (Freon‐12)  75‐71‐8  19  NC  NC  NC  9.5  2.0  1.0  0.74  30  155 
Ethylbenzene  100‐41‐4  1.3  700  25.0  25.0  0.65  2.0  1.0  0.69  75  125 
Isopropylbenzene  98‐82‐8  39  NC  NC  2.60  1.3  2.0  1.0  0.67  75  125 

Methyl acetate  79‐20‐9  1,600  NC  NC  NC  800  2.0  1.0  0.95  24  129 
Methylcyclohexane  108‐87‐2  NC  NC  NC  NC  Lab LOD  2.0  1.0  0.64  55  121 

Methylene chloride  75‐09‐2  8.4  5  2,560  2,560  2.5  10  5.0  0.71  55  140 
Methyl‐tert‐butyl ether (MTBE)  1634‐04‐4  12  NC  5,000  11,070  6  2.0  1.0  0.60  65  125 
Styrene  100‐42‐5  110  100  910  910  50  2.0  1.0  0.61  65  135 
PCE  127‐18‐4  3.5  5  45.0  45.0  1.7  2.0  1.0  0.76  45  150 
Toluene  108‐88‐3  86  1,000  215  215  43  2.0  1.0  0.72  75  120 
trans‐1,2‐Dichloroethene  156‐60‐5  8.6  100  680  680  4.3  2.0  1.0  0.73  60  140 
trans‐1,3‐Dichloropropene  10061‐02‐6  0.41  NC  7.90  7.90  0.205  2.0  1.0  0.73  55  140 
Trichloroethene  79‐01‐6  0.26  5  1,940  1,940  0.13  2.0  1.0  0.89  70  125 
Trichlorofluoromethane (Freon‐11)  75‐69‐4  110  NC  NC  NC  55  2.0  1.0  0.94  60  145 
Vinyl chloride  75‐01‐4  0.015  2  NC  930  0.0075  2.0  1.0  0.71  50  145 
Xylene (total)  1330‐20‐7  19  10,000  19.0  19.0  9.5  4.0  2.0  1.3  70  130 

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix. 
2 The Surface water and BTAG ESVs are for marine water with the exception of those values underlined. Underlined values are freshwater ESVs. 
3 Project QL goals are equal to half of the minimum applicable PAL. 
4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in‐house limits are used. 

Shading indicates instances where the PAL is lower than the LOD. Non‐detects will not be treated as exceedances, though they will be reported at a value greater than the PAL.  
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TABLE A-1h 
Reference Limits and Evaluation Table 
Matrix: Groundwater 
Analytical Group: Total Inorganic Constituents including mercury 

Analyte Name  CAS No.  Analytical Method 

PALs1 

Project QL 
Goal3 
(µg/L) 

Laboratory Limits (µg/L) 
LCS and MS/MSD 

Recovery Limits4 (%) 

Adjusted 
Tap water 
RSL, Nov 
2012 
(µg/L) 

MCL 
(µg/L) 

Surface 
Water 
ESV2 
(µg/L) 

BTAG 
ESV2 
(µg/L)  LOQ  LOD  DL   LCL  UCL  RPD 

Aluminum  7429‐90‐5 

SW‐846 6020A 

1,600 NC NC 87.0 43.5  50.0 25.0 6.80

80  120 
20 

Antimony  7440‐36‐0  0.6 6 500 500 0.3  2.00 0.440 0.110

Arsenic  7440‐38‐2  0.045 10 36.0 12.5 0.0225  20.0 10.0 0.610

Barium  7440‐39‐3  290 2,000 200 4.00 2  10.0 8.00 2.00

Beryllium  7440‐41‐7  1.6 4 100 0.66 0.33  0.740 0.370 0.0940

Cadmium  7440‐43‐9  0.69 5 8.84 0.12 0.06  8.00 4.00 0.110

Calcium  7440‐70‐2  NC NC NC NC Lab LOD  2400 1200 36.0

Chromium  7440‐47‐3  0.031 100 50.4 57.5 0.0155  6.00 3.00 0.450

Cobalt  7440‐48‐4  0.47 NC NC 23.0 0.235  1.00 0.840 0.210

Copper  7440‐50‐8  62 1,300 3.73 NC 1.865  1.00 0.880 0.220

Iron  7439‐89‐6  1,100 NC NC 300 150  30.0 15.0 3.80

Lead  7439‐92‐1  15 15 8.52 NC 4.26  1.20 0.600 0.160

Magnesium  7439‐95‐4  NC NC NC NC Lab LOD  240 120 30.0

Manganese  7439‐96‐5  32 NC 100 120 16  2.56 1.28 0.320

Nickel  7440‐02‐0  30 NC 8.28 NC 4.14  2.40 1.20 0.320

Potassium  7440‐09‐7  NC NC NC NC Lab LOD  3500 1750 48.0

Selenium  7782‐49‐2  7.8 50 71.1 NC 3.9  5.20 2.60 0.650

Silver  7440‐22‐4  7.1 NC 0.23 0.23 0.115  0.232 0.116 0.0290

Sodium  7440‐23‐5  NC NC NC NC Lab LOD  240 120 32.0

Thallium  7440‐28‐0  0.016 2 21.3 21.3 0.008  0.460 0.230 0.0580

Vanadium  7440‐62‐2  7.8 NC 50.0 20.0 3.9  1.00 0.800 0.200

Zinc  7440‐66‐6  470 NC 85.6 NC 42.8  12.8 6.40 1.60

Mercury  7439‐97‐6  SW‐846 7470A  0.43 2 1.11 0.016 0.008  0.200 0.0690 0.0230 80 120

Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix.
2 The Surface water and BTAG ESVs are for marine water with the exception of those values underlined. Underlined values are freshwater ESVs.
3 Project QL goals are equal to half of the minimum applicable PAL.
4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in‐house limits are used.
Shading indicates instances where the PAL is lower than the LOD. Non‐detects will not be treated as exceedances, though they will be reported at a value greater than the PAL. 
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TABLE A-1i 
Reference Limits and Evaluation Table 
Matrix: Groundwater 

Analytical Group: Dissolved Inorganic Constituents including mercury 

Analyte Name  CAS No.  Analytical Method 

PALs1 

Project QL 
Goal3 (µg/L) 

Laboratory Limits (µg/L) 
LCS and MS/MSD Recovery 

Limits4 (%) 

Adjusted 
Tap water 
RSL, Nov 

2012 (µg/L) 
MCL 
(µg/L) 

Surface 
Water 
ESV2 
(µg/L) 

BTAG 
ESV2 
(µg/L)  LOQ  LOD  DL   LCL  UCL  RPD 

Aluminum  7429‐90‐5 

SW‐846 6020A 

1,600  NC  NC  NC  800  50.0  25.0  6.80 

80  120  20 

Antimony  7440‐36‐0  0.6  6  500  NC  0.3  2.00  0.440  0.110 
Arsenic  7440‐38‐2  0.045  10  36.0  NC  0.0225  20.0  10.0  0.610 
Barium  7440‐39‐3  290  2,000  200  NC  100  10.0  8.00  2.00 
Beryllium  7440‐41‐7  1.6  4  100  NC  0.8  0.740  0.370  0.0940 
Cadmium  7440‐43‐9  0.69  5  8.80  NC  0.345  8.00  4.00  0.110 
Calcium  7440‐70‐2  NC  NC  NC  NC  Lab LOD  2400  1200  36.0 
Chromium  7440‐47‐3  0.031  100  50.0  NC  0.0155  6.00  3.00  0.450 
Cobalt  7440‐48‐4  0.47  NC  NC  NC  0.235  1.00  0.840  0.210 
Copper  7440‐50‐8  62  1,300  3.10  3.10  1.55  1.00  0.880  0.220 
Iron  7439‐89‐6  1,100  NC  NC  NC  550  30.0  15.0  3.80 
Lead  7439‐92‐1  15  15  8.10  8.10  4.05  1.20  0.600  0.160 
Magnesium  7439‐95‐4  NC  NC  NC  NC  Lab LOD  240  120  30.0 
Manganese  7439‐96‐5  32  NC  100  NC  16  2.56  1.28  0.320 
Nickel  7440‐02‐0  30  NC  8.20  8.20  4.1  2.40  1.20  0.320 
Potassium  7440‐09‐7  NC  NC  NC  NC  Lab LOD  3500  1750  48.0 
Selenium  7782‐49‐2  7.8  50  71.0  71.0  3.9  5.20  2.60  0.650 
Silver  7440‐22‐4  7.1  NC  0.23  NC  0.115  0.232  0.116  0.0290 
Sodium  7440‐23‐5  NC  NC  NC  NC  Lab LOD  240  120  32.0 
Thallium  7440‐28‐0  0.016  2  21.3  NC  0.008  0.460  0.230  0.0580 
Vanadium  7440‐62‐2  7.8  NC  50.0  NC  3.9  1.00  0.800  0.200 
Zinc  7440‐66‐6  470  NC  81.0  81.0  40.5  12.8  6.40  1.60 
Mercury  7439‐97‐6  SW‐846 7470A  0.43  2  0.94  NC  0.215  0.200  0.0690  0.0230 
Notes: 
1 Refer to Section 2.3.2 for a detailed discussion on the development of PALs, and refer to Section 2.3.4 for specific identification of PALs by matrix.
2 The Surface water and BTAG ESVs are for marine water. 
3 Project QL goals are equal to half of the minimum applicable PAL.
4 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in‐house limits are used.
Shading indicates instances where the PAL is lower than the LOD. Non‐detects will not be treated as exceedances, though they will be reported at a value greater than the PAL. 
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TABLE A-1j 
Reference Limits and Evaluation Table 
Matrix: Groundwater  

Analytical Group: Wet Chemistry (NAIPs) 

Analyte Name  CAS No.  Analytical Method 
Project Indicator 

Level1 

Laboratory Limits (µg/L)  LCS and MS/MSD Percent Range (%R) Limits2 

LOQ  LOD  DL   LCL  UCL  RPD 

Alkalinity  471‐34‐1  USEPA 310.2  >50,000  2,000  2,000  2,000  90  110  10 

Ethane  74‐84‐0  RSK‐175  >500  2  1.96  1  75  123  14 

Ethene  74‐85‐1  RSK‐175  >500  3  2.71  2.3  72  131  12 

Methane  74‐82‐8  RSK‐175  >500  1  0.964  0.72  74  120  18 

Chloride  16887‐00‐6  SW‐846 9056  NA  TBD  TBD  TBD  90  110  10 

Nitrate  14797‐55‐8  SW‐846 9056  TBD  1,000  210  52  90  110  15 

Nitrite  14797‐65‐0  SW‐846 9056  TBD  100  44  11  90  110  10 

Sulfate  14808‐79‐8  SW‐846 9056  <20,000  5,000  260  55  90  110  10 

Sulfide  18496‐25‐8  SM 4500‐S2‐F (18th Ed)  >1,000  1,000  1,000  450  86  105  10 

Notes: 
1 PILs were developed to assist in determining if evidence exists for natural attenuation processes.   
‐ Alkalinity is the measurement of the available buffering capacity against pH change, which can affect the rate of degradation of COCs. 
‐ Ethane and ethene are the ultimate daughter products of chlorinated ethanes and ethenes. These parameters are an indicator of the extent of complete dechlorination. 
‐ Elevated methane concentrations can be an indication of highly reducing conditions. 
‐ Chloride is a general water quality parameter and is produced by anaerobic dechlorination. Elevated levels of chloride may indicate that dechlorination is occurring. 
‐ Nitrate and nitrite data will be collected in the event that a natural attenuation or enhanced biological remedy is later needed for the site.  
‐ Sulfate and sulfate in elevated concentrations may compete with the reductive dechlorination pathway. 
2 DoD QSM v.4.1 is the basis for LCS and MS/MSD limits: values are bolded to indicate instances where in‐house limits are used. 
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A.2 Analytical SOP References Table 
Information regarding the laboratory SOPs and to be used for the handling and analysis of samples is provided in Analytical SOP References Tables, 
Tables A2‐a through A2‐c. 

TABLE A-2a 
Analytical SOP References Table 
Laboratory Name and Address: ENCO Laboratories, 10775 Central Port Drive, Orlando, FL 32824 

Point of Contact: Ronnie Wambles 

Phone Number: (407) 826‐5314 

Lab SOP 
Number  Title, Revision Date, and Number 

Date reviewed if 
not revised 

Definitive or 
Screening 

Data 
Matrix and 

Analytical Group  Instrument  Variance to QSM 

Modified for 
Project Work? 

(Y/N) 

LOGINS‐03  Receiving Samples (Rev. 11, 07/31/2012)  NA  NA  NA  NA  None  N 

ADMIN‐14  WASTE DISPOSAL AND CHARACTERIZATION 
(Rev. 6, 09/16/2011)  06/29/2012  NA  NA  NA  None  N 

EXSV‐27  Extraction of Samples Using Separatory 
Funnel Techniques (Rev. 5, 09/15/2011)  08/17/2012  NA  Aqueous 

SVOC Prep  NA  None  N 

EXSV‐16  Extraction of Soil/Solid Samples Using 
Sonication, (Rev. 7, 03/16/2012)  02/25/2013  NA  Soils 

SVOC Prep  NA  None  N 

MET‐15  
METALS ANALYSIS USING INDUCTIVELY 
COUPLED PLASMA‐MASS SPECTROMETRY 
(ICP‐MS) (Revision 5, 02/14/2011) 

01/31/2013  Definitive  Soil, Aqueous 
Metals  ICP‐MS 

ENCO does not 
perform Methods of 
Standard Addition 

N 

MET‐16 
Mercury in Soils by Digestion/Cold Vapor 
Atomic Absorption (CVAA) (Rev. 5, 
03/12/2012) 

03/14/2013  Definitive  Soil/Mercury  CVAA  N 

MET‐03  Mercury in Waters by Digestion/CVAA (Rev. 
5, 02/20/2012)  03/14/2013  Definitive  Water/Mercury  CVAA  N 

SVGCMS‐03 
Analysis of SVOCs by Gas 
Chromatography/Mass Spectrometry 
(GC/MS) (Rev. 17, 08/15/2011) 

03/11/2013  Definitive  Soil, Aqueous 
SVOC  GC/MS  None  N 

VGCMS‐05  Analysis of VOCs by GC/MS (Rev.17, 
08/26/2011)  07/25/2012  Definitive  Soil, Aqueous VOC  GC/MS  None  N 

SVGC‐04  Organochlorine Pesticides by GC/ECD (Rev. 
10, 9/21/2011)  2/1/2013  Definitive  Soil, Aqueous 

Pesticides  GC  None  N 

SVGC‐07 
PCBs by Gas Chromatography/Electron 
Capture Detection (GC/ECD) (Rev. 5, 
03/22/2012) 

02/25/2013  Definitive  Soil, Aqueous PCBs  GC 
QC samples are spiked 
only with Aroclors 1016 

& 1260 
N 
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TABLE A-2a (continued) 
Analytical SOP References Table 
Laboratory Name and Address: ENCO Laboratories, 10775 Central Port Drive, Orlando, FL 32824 

Point of Contact: Ronnie Wambles 

Phone Number: (407) 826‐5314 

Lab SOP 
Number  Title, Revision Date, and Number 

Date reviewed if 
not revised 

Definitive or 
Screening 

Data 
Matrix and 

Analytical Group  Instrument  Variance to QSM 

Modified for 
Project Work? 

(Y/N) 

MET‐05 
Metals Analysis by Inductively Coupled 
Plasma‐Atomic Emission Spectroscopy (ICP‐
AES) (Rev. 11, 01/01/2013) 

NA  Definitive  Soil, Aqueous 
Metals  ICP‐AES 

ENCO does not 
perform Methods of 
Standard Addition 

N 

EXMT‐07 
Acid Digestion of Aqueous Samples & 
Extracts for Analysis by ICP OR ICP‐MS (Rev. 
8, 08/10/2012) 

NA  NA  Aqueous Metals Prep  NA  None  N 

EXMT‐09 
Acid Digestion of Soil and Waste Samples 
for Analysis by ICP and ICP‐MS (Rev. 7, 
08/03/2012) 

NA  NA  Soil Metals Prep  NA  None  N 

WETS‐47  Alkalinity (Methyl Orange‐Automated) (Rev. 
2, 6/21/2011)  06/21/2012  Screening  Aqueous NAIPs  NA  None  N 

WETS‐56  pH (Electrometric, Solid/Waste Samples) 
(Rev. 3, 2/3/2010)  03/15/2013  Screening  Soils pH  pH Meter  None  N 

WETS‐92  Ion Chromatography (IC) (Rev. 3, 
04/05/2012)  NA  Screening  Water/Ions  IC  None  N 

WETS‐61  Sulfide (Titrimetric Iodine) (Rev. 7, 
04/05/2013)  NA  Screening  Water/Sulfide  NA  None  N 

WETS‐90  TOC in Soil Using Walkley Black Titration 
(Rev. 1, 01/12/2010)  03/15/2013  Screening  Solid/TOC  Buret  None  N 

VCG‐11 

Analysis of Dissolved Gases by Headspace 
Gas Chromatograph/Thermal Conductivity 
Detector (TCD)/Flame Ionization Detector 
(FID) (Rev. 5, 06/24/2011) 

08/14/2012  Definitive  RSK‐175  GC  None  N 

Notes: 

Required Laboratory Accreditation: DoD ELAP 

Expiration Date: for ENCO‐Orlando:  3/31/2014 

Expiration Date for ENCO‐Jacksonville: 4/30/2014 
Copies of laboratory certification are included in Appendix D.   
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TABLE A-2b 
Analytical SOP References Table 
Laboratory Name and Address: ALS‐Rochester  1565 Jefferson Road, Building 300, Suite 360, Rochester, NY 14623 

Point of Contact: Debbie Patton 

Phone Number: (585) 672‐7473 

Lab SOP 
Number  Title, Revision Date, and Number 

Date reviewed if 
not revised 

Definitive or 
Screening Data 

Matrix and 
Analytical Group  Instrument  Variance to QSM 

Modified for 
Project Work? 

(Y/N) 

GEN‐7199  Hexavalent Chromium by Ion 
Chromatography, Revision 5, 6/4/2012  NA  Definitive  water/soil  IC  None  N 

Required Laboratory Accreditation: DoD ELAP 

Expiration Date: Issue Date: 4/7/2012 Note that the DoD ELAP accreditor Perry Johnson Laboratory Accreditation, Inc. no longer notes expiration dates on the letters they issue, but indicates 
that laboratories are due for evaluation within 2 years of issuing a new certificate. 

Copies of laboratory certification are included in Appendix D. 
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TABLE A-2c 
Analytical SOP References Table 
Laboratory Name and Address: Kemron, 1359 Ellsworth Industrial Blvd, Atlanta, GA 30318 

Point of Contact: Tommy Jordan 

Phone Number: (404) 516‐3172 

Lab SOP 
Number  Title, Revision Date, and Number 

Date reviewed if 
not revised 

Definitive or 
Screening Data 

Matrix and 
Analytical Group  Instrument  Variance to QSM 

Modified for 
Project Work? 

(Y/N) 

AG‐SOP‐014B  Particle Size Analysis of soils w/o 
Hydrometer, Rev 0, May 2010  6/1/11  NA  NA  Std Seive Nest  None  No 

Required Laboratory Accreditation: None for grain‐size analysis 
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A.3 Laboratory QC Samples Table 
Laboratories analyzing samples in support of this work will perform laboratory QC samples at the frequency required by the DoD QSM v. 4.1. Details 
regarding each laboratory QC sample are provided in Laboratory QC Samples Tables, Tables A‐3a through A‐3n.  

TABLE A-3a 
Laboratory QC Samples Table 
Matrix: Groundwater 

Analytical Group: VOCs 

Analytical Method/SOP Reference: SW‐846 8260B / VGCMS‐05 

QC Sample: 
Frequency/ 
Number 

Method/SOP QC  
Acceptance Limits  CA 

Person(s) 
Responsible for CA  DQI  MPC 

Method blank 

One per 
preparatory 
batch 

No target analytes > 1/2 LOQ; no 
common laboratory contaminants 
> LOQ. 

Correct problem. If required, re‐prep 
and reanalyze method blank and all 
samples processed with the 
contaminated blank. 

Analyst 

Bias/Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS  Refer to Reference Limits and 
Evaluation Table, Table A‐1g 

LCS is reanalyzed. If still fails, samples 
are re‐prepped if sample remains. 

Precision and 
Accuracy/Bias 

MS  Same as LCS.  In the absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

MSD  Same as LCS and RPD ≤30%.  In the absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

Internal 
Standards (IS) 

Spiked in 
Every Sample 

Retention time within 30 seconds 
from retention time of the 
midpoint standard in the initial 
calibration (ICAL); areas within ‐
50% to +100% of ICAL midpoint 
standard. 

Inspect mass spectrometer and gas 
chromatograph for malfunctions; 
mandatory reanalysis of samples 
analyzed while system was 
malfunctioning. 

Precision and 
Accuracy 

Surrogates 

Dibromofluoromethane 85‐115%, 
Toluene‐d8 85‐120%, 1,2‐
Dichloroethane‐d4 70‐120%,  
4‐Bromofluorobenzene 75‐120% 

Re‐prep and reanalyze sample unless 
objective evidence of suspected or 
confirmed sample matrix effects are 
available. If insufficient sample exists 
for reanalysis, client will be contacted 
for instructions. In the absence of client 
instruction, data will be qualified. 

Precision and 
Accuracy/Bias 
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TABLE A-3b 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: PAHs 

Analytical Method/SOP Reference: SW‐846 8270D / SVGCMS‐03 

QC Sample: 
Frequency / 
Number 

Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for CA  DQI  MPC 

Method Blank 

One per preparatory 
batch 

No target analytes > 1/2 LOQ 

Correct problem. If required, re‐
prep and reanalyze method blank 
and all samples processed with 
the contaminated blank. 

Analyst 

Bias/ Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS 
See Reference Limits and 
Evaluation Table, Table A‐
1a. 

LCS is reanalyzed. If still fails, 
samples are re‐prepped if sample 

remains. 

Precision and 
Accuracy/Bias 

MS  Same as LCS.  In absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

MSD  Same as LCS and RPD ≤30%.  In absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

Surrogate Spike 

Spiked in every 
sample 

Terphenyl‐d14 70‐130% 

Re‐prep and reanalyze sample 
unless objective evidence of 
suspected or confirmed sample 
matrix effects are available. If 
insufficient sample exists for 
reanalysis, client will be contacted 
for instructions. In absence of 
client instruction, data will be 
qualified. 

Precision and 
Accuracy/Bias 

IS 

Retention time within 30 
seconds from retention time 
of the midpoint standard in 
the ICAL; areas within ‐50% 
to +100% of ICAL midpoint 
standard. 

Inspect mass spectrometer and 
gas chromatograph for 
malfunctions; mandatory re‐
analysis of samples analyzed while 
system was malfunctioning. 

Precision and 
Accuracy 
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TABLE A-3C 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: Pesticides 

Analytical Method/SOP Reference: SW‐846 8081B / SVGC‐04 

QC Sample:  Frequency/Number 
Method/SOP QC Acceptance 

Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
batch of similar matrix 
 

No analytes detected > 1/2 
LOQ, > 1/10 amount measured 
in any sample, or regulatory 
limit (whichever is greater). 

Correct problem. If required, 
re‐prep and re‐analyze method 
blank and all samples 
processed with the 
contaminated blank. 

Analyst/Supervisor 

Bias/ Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS  See Reference Limits and 
Evaluation Table, Table A‐1b. 

Correct problem, then re‐prep 
and re‐analyze the LCS and all 
samples in the associated 
preparatory batch for failed 
analytes. 

Precision and 
Accuracy/Bias 

MS  Same as LCS.  In absence of client specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

MSD  Same as LCS and RPD ≤30%.  In absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

Surrogates 

Spiked in every sample. 

TCMX, 70‐125%R; 
Decachlorobiphenyl, 55‐130%R 

For QC and field samples, 
correct problem then re‐prep 
and re‐analyze all failed 
samples for failed surrogates in 
the associated preparatory 
batch. 

Precision and 
Accuracy/Bias 

Internal Standards 
(IS) 

RT within 30 seconds of ICAL 
reference standard; %R = 50 ‐ 
200% of ICAL reference 
standard. 

In absence of matrix 
interference evidence, re‐
analyze the sample. 

Precision and 
Accuracy 
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TABLE A-3d 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: PCBs 

Analytical Method/SOP Reference: SW‐846 8082A / SVGC‐07 

QC Sample:  Frequency/Number 
Method/SOP QC Acceptance 

Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
batch. 

No analytes detected > 1/2 
LOQ, > 1/10 amount measured 
in any sample, or regulatory 
limit (whichever is greater). 

Correct problem.  If required, 
re‐prep and reanalyze method 
blank and all samples 
processed with the 
contaminated blank. 

Analyst 

Bias/ Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS  See Reference Limits and 
Evaluation Table, Table A‐1c. 

LCS is reanalyzed. If still fails, 
samples are re‐prepped if 
sample remains. 

Precision and 
Accuracy/Bias 

MS  Same as LCS.  In absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

MSD  Same as LCS and RPD ≤30%.  In absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

Surrogates  Spiked in every sample.  Decachlorobiphenyl 60 ‐ 125%, 
2,4,5,6‐TCMX 20‐137%.1 

For QC and field samples, 
correct problem then re‐prep 
and reanalyze all failed samples 
for failed surrogates in the 
associated preparatory batch. 

Precision and 
Accuracy/Bias 

1 Italicized limits are in‐house, DoD QSM v. 4.1 does not specify limits for this surrogate. 
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TABLE A-3e 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: Inorganic Constituents (all except mercury and hexavalent chromium) 

Analytical Method/SOP Reference: SW‐846 6010C / MET‐05 

QC Sample:  Frequency/Number 
Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
batch. 

No analytes detected > 1/2 
<LOQ. Blank result must not 
otherwise affect sample 
results. 

Correct problem; then repeat. 
If the method blank still fails, 
redigest and analyze all 
affected samples.  

Analyst 

Bias/ Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS  See Reference Limits and 
Evaluation Table, Table A‐1d.

LCS is reanalyzed. If still fails, 
samples are re‐prepped if 
sample remains..  

Precision and 
Accuracy/Bias 

MS  Same as LCS.  If MS falls outside of QC 
acceptance limits, additional 
QC tests are required to 
evaluate matrix effects 
(dilution test, PS). 

Precision and 
Accuracy/Bias 

MSD  Same as LCS and RPD ≤ 20%.  Precision and 
Accuracy/Bias 

Dilution Test   Recovery within ±10% of 
true value.  Perform Post Spike (PS)  Precision and 

Accuracy/Bias 

PS  

One is performed when 
dilution test fails or 
analyte concentration for 
all samples < 50x LOD. 

Recovery within ± 25% of 
true value.  

If dilution test recoveries are 
outside of QC acceptance 
limits but PS meets QC 
acceptance criteria, and matrix 
effects are not confirmed, re‐
prep and reanalyze sample. 

Precision and 
Accuracy/Bias 

Interference check 
solutions (ICSs) 

After beginning of the 
analytical run 

ICS‐A: Absolute value of 
concentration for all non‐
spiked analytes < LOD. 
 
ICS‐AB: Within 20% of true 
value 

Terminate analysis, locate and 
correct problem, reanalyze ICS, 
reanalyze all samples. 

Precision and 
Accuracy/Bias 
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TABLE A-3f 
Laboratory QC Samples Table 
Matrix: Groundwater 

Analytical Group: Total and Dissolved  Inorganic Constituents (except mercury) 

Analytical Method/SOP Reference: SW‐846 6020A / MET‐15 

QC Sample:  Frequency/Number 
Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
batch. 

No target analytes > 1/2 
LOQ. 

Correct problem; then repeat. If 
the method blank still fails, 
redigest and analyze all affected 
samples.  

Analyst 

Bias/Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS 
See Reference Limits and 
Evaluation Table, Table 
A‐1h and ‐1i. 

LCS is reanalyzed. If still fails, 
samples are re‐prepped if sample 
remains. 

Precision and 
Accuracy/Bias 

MS  Same as LCS.  Perform a dilution test and/or PS 
to evaluate matrix effects.  

Precision and 
Accuracy/Bias 

MSD  Same as LCS and RPD ≤ 
20%. 

Perform a dilution test and/or PS 
to evaluate matrix effects.  

Precision and 
Accuracy/Bias 

Dilution Test   Recovery within ±10% of 
true value.  Perform PS.   Precision and 

Accuracy/Bias 

PS  

When dilution test fails 
or analyte concentration 
for all samples < 50x 
LOD. 

Recovery within ±25% of 
true value.  

If dilution test recovers outside of 
QC acceptance limits but PS 
meets QC acceptance criteria, 
matrix effects are not confirmed, 
re‐prep and reanalyze sample. 

Precision and 
Accuracy/Bias 

IS  Spiked in every sample. 
IS intensity within 30‐
120% of intensity of IS in 
ICAL. 

Reanalyze sample at 5X dilution 
with the addition of appropriate 
amounts of IS 

Precision and Accuracy 
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TABLE A-3g 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil, Groundwater 

Analytical Group: Inorganic Constituents (mercury) 

Analytical Method/SOP Reference: SW‐846 7471B, 7400A / MET‐16, MET‐03 

QC Sample:  Frequency/Number 
Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
batch 

No analytes detected > 1/2 
<LOQ. Blank result must not 
otherwise affect sample 
results. 

Correct problem; then repeat. If 
the method blank still fails, re‐
prep and reanalyze all samples 
processed with contaminated 
blank.  

Analyst 

Bias/Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS  
See Reference Limits and 
Evaluation Table, Table A‐
1d, ‐1h and ‐1i. 

LCS is reanalyzed. If still fails, 
samples are re‐prepped if 
sample remains. 

Precision and 
Accuracy/Bias 

MS  Same as LCS. 

Examine the project‐specific 
data quality objectives (DQOs). 
In absence of project‐specific 
instruction, flag the data. 

Precision and 
Accuracy/Bias 

MSD  Same as LCS and RPD ≤ 
20%. 

Examine the project‐specific 
DQOs. Contact the client as to 
additional measures to be 
taken. 

Precision and 
Accuracy/Bias 
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TABLE A-3h 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil, 

Analytical Group: Inorganic Constituents (Hexavalent Chromium) 

Analytical Method/SOP Reference: SW‐846 7199 / GEN‐7199 

QC Sample:  Frequency/Number 
Method/SOP QC  
Acceptance Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

1 per batch of 20 or 
fewer samples. 

No target compounds should 
be >1/2 LOQ. 

Re‐clean, reanalyze and/or qualify 
the data. 

Analyst/Supervisor 

Bias/Contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS‐insoluble 

See Reference Limits and 
Evaluation Table, Table A‐1d. 

Redigest if possible.  If samples are 
out of holding time, redigest and 
report both sets of data.  If 
insufficient sample is available to 
redigest, flag.  If the LCS recoveries 
are high and the sample results are 
<LOQ, narrate. 

Accuracy/Bias 

LCS‐insoluble  Accuracy/Bias 

MS‐soluble 

75‐125% of the true value.  

Redigest entire batch unless spike 
is diluted out (sample result > 4x 
spike concentration).  If redigest 
fails, contact client about possible 
matrix investigations.  If samples 
are out of holding time, redigest 
and report both sets of data.  If 
insufficient sample is available to 
redigest, flag. Flag results 
associated with out of control MS. 

Accuracy/ 
Bias MS‐insoluble 

Duplicate (or 
MSD) 

If parent concentration is >4x 
the LOQ, RPD<20%; if the 
parent concentration is <4x 
the LOQ, duplicate is 
acceptable if the difference is 
not > +/‐ LOQ. 

Re‐prep and reanalyze sample and 
duplicate unless obvious or 
historical interferences or lack of 
volume. 

Precision  

Post‐Digestion 
MS  85‐115% of the true value.  If MS also failed, no action beyond 

CA for MS.    Bias 
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TABLE A-3i 
Laboratory QC Samples Table 
Matrix: Surface Soil 

Analytical Group: TOC 

Analytical Method/SOP Reference: Walkley Black/WETS‐090 

QC Sample:  Frequency/Number 
Method/SOP QC Acceptance 

Limits  CA 
Person(s) 

Responsible for CA  DQI  MPC 

Method Blank 

One per Batch 

MDL/MRL  There are no CAs for the method 
blank. 

Analyst 

Cleanliness 

Same as Method/SOP 
QC Acceptance Limits. 

LCS  See Reference Limits and 
Evaluation Table, Table A‐1e. 

The LCS is reanalyzed to confirm 
the contamination, which if 
confirmed, requires re‐analysis of 
all associated samples. 

Precision and 
Accuracy 

MS/MSD  Same as LCS and RPD ≤ 25%. 

Non‐conforming results must be 
flagged with Laboratory 
Information Management System 
(LIMS) qualifier QM‐07 ("The 
spike recovery was outside 
acceptance limits for the MS 
and/or MSD. The batch was 
accepted based on acceptable 
LCS recovery.") 

Precision and 
Accuracy 

Non‐conforming results must be 
flagged with the LIMS qualifier 
QM‐11 ("Precision between 
duplicate MSs of the same 
sample was outside acceptance 
limits.") 

Precision and 
Accuracy 
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TABLE A-3j 
Laboratory QC Samples Table 
Matrix: Surface Soil, Subsurface Soil 

Analytical Group: pH 

Analytical Method/SOP Reference: SW‐846 9045D/WETS‐56 

QC Sample:  Frequency/Number 
Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for CA  DQI  MPC 

LCS 

One per Batch 

See Reference Limits and 
Evaluation Table, Table A‐
1e. 

The LCS is reanalyzed to confirm 
the contamination, which if 
confirmed, requires re‐analysis of 
all associated samples. 

Analyst 

Precision and 
Accuracy 

Same as Method/SOP 
QC Acceptance Limits. 

Duplicate   RPD ≤ 25%. 

If precision between duplicate 
samples is outside of the 
acceptance limits, the sample 
and its duplicate must be 
reanalyzed 

Precision and 
Accuracy 
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TABLE A-3k 
Laboratory QC Samples Table 
Matrix: Groundwater 

Analytical Group: Wet Chemistry (methane, ethane, ethene) 

Analytical Method/SOP Reference:  RSK‐175 / VGC‐11 

QC Sample:  Frequency/Number 
Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
batch 

No target analytes > 1/2 
LOQ; no common laboratory 
contaminants > LOQ 

Correct problem; then repeat. If 
the method blank still fails; 
repeat ICAL. 

Analyst 

Bias/ contamination 

Same as Method/SOP 
QC Acceptance Limits. LCS  See Reference Limits and 

Evaluation Table, Table A‐1j. 

LCS is reanalyzed. If still fails, 
samples are re‐prepped if 
sample remains. 

Precision and 
Accuracy/Bias 

MS/MSD  Same as LCS and RPD ≤ 30%.  In the absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 
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TABLE A-3l 
Laboratory QC Samples Table 
Matrix: Groundwater 

Analytical Group: Wet Chemistry (Alkalinity) 

Analytical Method/SOP Reference:  EPA 310.2 / WETS‐047 

QC Sample:  Frequency/Number 
Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
batch. 

No target analytes > 1/2 
LOQ. 

Correct problem; then repeat. If 
the method blank still fails; 
repeat ICAL. 

Analyst 

Bias/ contamination 

Same as Method/SOP 
QC Acceptance Limits. LCS 

See Reference Limits and 
Evaluation Table, Table A‐
1j. 

LCS is reanalyzed. If still fails, 
samples are re‐prepped if 
sample remains. 

Precision and 
Accuracy/Bias 

MS and MSD  Same as LCS; RPD ≤ 10%.  In the absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 
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TABLE A-3m 
Laboratory QC Samples Table 
Matrix: Groundwater 

Analytical Group: Wet Chemistry (Chloride, Nitrate, Nitrite, Sulfate) 

Analytical Method/SOP Reference:  SW‐846 9056/WETS‐057 

QC Sample:  Frequency/Number 
Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
batch. 

No target analytes > 1/2 
LOQ. 

Correct problem; then repeat. If 
the method blank still fails; 
repeat ICAL. 

Analyst 

Bias/ contamination 

Same as Method/SOP 
QC Acceptance Limits. 

LCS containing all 
analytes to be 
reported 

See Reference Limits and 
Evaluation Table, Table A‐
1j. 

LCS is reanalyzed. If still fails, 
samples are re‐prepped if 
sample remains. 

Precision and 
Accuracy/Bias 

MS/MSD  Same as LCS; RPD ≤ 15%.  In the absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 

Sample Duplicate  One per every 10 
samples. 

%D 10% (between sample 
and sample duplicate). 

Correct problem and reanalyze 
sample and duplicate.  Precision 
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TABLE A-3n 
Laboratory QC Samples Table 
Matrix: Groundwater 

Analytical Group: Wet Chemistry (Sulfide) 

Analytical Method/SOP Reference:  18 SM 4500‐S‐E/WETS‐061 

QC Sample:  Frequency/Number 
Method/SOP QC 
Acceptance Limits  CA 

Person(s) 
Responsible for 

CA  DQI  MPC 

Method Blank 

One per preparatory 
blank 

No target analytes > 1/2 
LOQ. 

Correct problem; then repeat. If 
the method blank still fails; 
repeat ICAL. 

Analyst 

Bias/ contamination 

Same as Method/SOP 
QC Acceptance Limits. LCS  See Reference Limits and 

Evaluation Table, TableA‐1j. 

LCS is reanalyzed. If still fails, 
samples are re‐prepped if 
sample remains. 

Precision and 
Accuracy/Bias 

MS/ MSD  Same as LCS; RPD ≤ 10%.  In the absence of client‐specific 
requirements, flag the data. 

Precision and 
Accuracy/Bias 
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Figure 7-5
AOC 8 Surface Soil Exceedance Results
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Station ID

Sample ID

Sample Date

Depth

Total Metals (MG/KG)

No Exceedances

10/22/08

0-6"

Organic Compounds (UG/KG)

No Exceedances

CAA08-SO01

CAA08-SS01-1008

Station ID

Sample ID

Sample Date

Depth

10/22/08

0-6"

Organic Com pounds (UG/KG)

No Exceedances

Total Metals  (MG/KG)

No Exceedances

CAA08-SO02

CAA08-SS02-1008

Station ID

Sample ID

Sample Date

Depth

Total Metals (MG/KG)

No Exceedances

No Exceedances

CAA08-SO03

CAA08-SS03-1008

10/22/08

0-6"

Organic Compounds (UG/KG)

Station ID

Sample ID

Sample Date

Depth

Benzo(b)fluoranthene 290 J

Aroclor-1260 420

Endrin aldehyde 21 J

Arsenic 15.4 K

Chromium 26.5

Selenium 0.6 J

Zinc 160

CAA08-SO04

CAA08-SS04-1008

10/24/08

0-6"

SVOCs (UG/KG)

Pesticide/PCBs (UG/KG)

Total Metals  (MG/KG)

Station ID

Sample ID

Sample Date

Depth 0-6"

Organic Compounds (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

10/24/08

CAA08-SO05

CAA08-SS05-1008

Station ID

Sample ID

Sample Date

Depth

Endrin aldehyde 8.2 J

Chromium 20.5

CAA08-SO06

CAA08-SS06-1008*

10/27/08

0-6"

Pesticide/PCBs (UG/KG)

Total Metals (MG/KG)

Station ID

Sample ID

Sample Date

Depth

Chromium 20.6

CAA08-SS07-1008

10/27/08

0-6"

Organic Compounds (UG/KG)

No Exceedances

Total Metals (MG/KG)

CAA08-SO07

Station ID

Sample ID

Sample Date

Depth

Benzo(b)f luoranthene 270 J

Endrin aldehyde 12 J

Arsenic 9.1 K

Total Metals (MG/KG)

Pesticide/PCBs (UG/KG)

CAA08-SO08

CAA08-SS08-1008

10/28/08

0-6"

SVOCs (UG/KG)

Station ID

Sample ID

Sample Date

Depth

No Exceedances

Total Metals (MG/KG)

No Exceedances

CAA08-SO09

CAA08-SS09-1008*

10/28/08

0-6"

Organic Compounds (UG/KG)

Benzo(b)fluoranthene -- HMW PAH 2,100 150

PAH (HMW) -- 18,000 -- --

Aroclor-1260 -- 8,000 740 220

Endrin aldehyde -- 1.95 18,000 1,800

Arsenic 6.36 18.0 1.6 0.39

Chromium 18.2 64.0 5.6 0.29

Selenium 0.51 0.52 510 39

Zinc 26.5 120 31,000 2,300

Pesticide/PCBs (UG/KG)

Total Metals (MG/KG)

Contaminant of 

Potential Concern

CLEAN CAX 

BKG SS

Eco Surface 

Soil Screening 

Value

CLEAN RSLs 

Industrial Soil 

Adjusted

CLEAN RSLs 

Residential Soil 

Adjusted

SVOCs (UG/KG)

Notes:

Exceeds BKG & ECO

Exceeds BKG & Res RSL

Exceeds BKG, Res & Ind RSL

* Indicates duplicate sample was collected at this location.
Values presented are the higher of the two.
-- - No value available
J - Analyte present, value may or may not be accurate or precise
K - Analyte present, value may be biased high, actual value may be lower
MG/KG - Milligrams per kilogram
UG/KG - Micrograms per kilogram



Figure 7-6
AOC 8 Subsurface Soil Exceedance Results
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Aroclor-1260 -- 8,000 740 220

Endrin aldehyde -- 1.95 18,000 1,800

Arsenic 5.54 18.0 1.6 0.39

CLEAN RSLs 

Industrial Soil 

Adjusted

CLEAN RSLs 

Residential Soil 

Adjusted

Pesticide/PCBs (UG/KG)

Eco Surface 

Soil Screening 

Value

Total Metals (MG/KG)

Contaminant of 

Potential Concern

CLEAN 

CAX BKG 

SB

Station ID

Sample ID

Sample Date

Depth 0.5-2'

Organic Compounds (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

CAA08-SO01

CAA08-SB01-1008

10/22/08

Station ID

Sample ID

Sample Date

Depth

Arsenic 9.2 K

Total Metals (MG/KG)

20'

CAA08-SO01

CAA08-SBTP24-1008

10/27/08

Station ID

Sample ID

Sample Date

Depth

CAA08-SO02

CAA08-SB02-1008

10/22/08

0.5-2'

Organic Compounds (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

Station ID

Sample ID

Sample Date

Depth 0.5-2'

Organic Compounds (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

10/22/08

CAA08-SO03

CAA08-SB03-1008

Station ID

Sample ID

Sample Date

Depth

Aroclor-1260 400

No Exceedances

CAA08-SO04

CAA08-SBTP14-1008

10/23/08

20'

Pesticide/PCBs (UG/KG)

Total Metals (MG/KG)

Station ID

Sample ID

Sample Date

Depth

Aroclor-1260 500 J

Endrin aldehyde 24 J

Arsenic 6.7 K

CAA08-SO04

CAA08-SB04-1008

10/24/08

0.5-2'

Pesticide/PCBs (UG/KG)

Total Metals (MG/KG)

Station ID

Sample ID

Sample Date

Depth

Total Metals (MG/KG)

No Exceedances

No Exceedances

CAA08-SO05

CAA08-SB05-1008

10/24/08

0.5-2'

Organic Compounds (UG/KG)

Station ID

Sample ID

Sample Date

Depth

Aroclor-1260 26,000 J

CAA08-SO05

CAA08-SBTP19-1008

10/24/08

20'

Pesticide/PCBs (UG/KG)

Total Metals (MG/KG)

No Exceedances

Station ID

Sample ID

Sample Date

Depth 0.5-2'

Organic Com pounds (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

10/27/08

CAA08-SO06

CAA08-SB06-1008*

Station ID

Sample ID

Sample Date

Depth

No Exceedances

Total Metals (MG/KG)

CAA08-SO07

CAA08-SB07-1008

10/27/08

0.5-2'

Organic Compounds (UG/KG)

No Exceedances

Station ID

Sample ID

Sample Date

Depth

CAA08-SO08

CAA08-SB08-1008

10/28/08

0.5-2'

Organic Compounds (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

Station ID

Sample ID

Sample Date

Depth 0.5-2'

Organic Compounds (UG/KG)

No Exceedances

Total Metals (MG/KG)

No Exceedances

10/28/08

CAA08-SO09

CAA08-SB09-1008*

Samples collected at a depth greater than 2 feet below ground
surface were not included in the ecological risk screening.
* Indicates duplicate sample was collected at this location.
Values presented are the higher of the two.
-- - No value available
J - Analyte present, value may or may not be accurate or precise
K - Analyte present, value may be biased high, actual value may be lower
MG/KG - Milligrams per kilogram
UG/KG - Micrograms per kilogram

Notes:

Exceeds BKG & ECO

Exceeds BKG & Res RSL

Exceeds BKG, Res & Ind RSL
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Figure 7-7
AOC 8 Groundwater Exceedance Results
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Tetrachloroethene -- 45.0 5 0.11

Arsenic 2.28 36.0 10 0.045

Iron 894 1,000 -- 2,600

Manganese 57.9 100 -- 88

Aluminum, Dissolved 100 87.0 -- 3,700

Arsenic, Dissolved 1.37 36.0 10 0.045

Cobalt, Dissolved 0.7 23.0 -- 1.1

Iron, Dissolved 275 1,000 -- 2,600

Manganese, Dissolved 49.5 100 -- 88

Contaminant of 

Potential Concern

CLEAN CAX 

BKG GW YE 

AQUIFER

Eco Surface Water 

Screening Value - 

Marine

CLEAN RSLs 

Tapwater 

Adjusted

Organic Compounds (UG/L)

CLEAN MCL-

Groundwater

Total Metals (UG/L)

Dissolved Metals (UG/L)

Station ID

Sample ID

Sample Date

Aluminum, Dissolved 122 J

Cobalt, Dissolved 1.5 J

CAA08-DW01

CAA08-DW01-1008

10/28/08

Organic Compounds (UG/L)

No Exceedances

Total Metals (UG/L)

No Exceedances

Dissolved Metals (UG/L)

Station ID

Sample ID

Sample Date

Tetrachloroethene 7 J

Aluminum, Dissolved 135 J

Cobalt, Dissolved 1.5 J

CAA08-DW02-1008

CAA08-DW02

10/28/08

Organic Compounds (UG/L)

Total Metals (UG/L)

No Exceedances

Dissolved Metals (UG/L)

Station ID

Sample ID

Sample Date

No Exceedances

CAA08-DW03

CAA08-DW03-1008

10/27/08

Organic Compounds (UG/L)

No Exceedances

Total Metals (UG/L)

Dissolved Metals (UG/L)

No Exceedances

Station ID

Sample ID

Sample Date

Arsenic 14.6

Iron 8,300

Manganese 246

Aluminum, Dissolved 140 J

Arsenic, Dissolved 13.8

Cobalt, Dissolved 5.2 J

Iron, Dissolved 6,720

Manganese, Dissolved 240

No Exceedances

Total Metals (UG/L)

Dissolved Metals (UG/L)

CAA08-DW04

CAA08-DW04-1008

10/27/08

Organic Compounds (UG/L)

Notes:

Exceeds BKG & ECO

Exceeds BKG & Tapwater RSL

Exceeds BKG, Tapwater RSL & MCL

Exceeds BKG, ECO & Tapwater RSL

-- - No value available
J - Analyte present, value may or may not be accurate or precise
UG/L - Micrograms per liter
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STANDARD OPERATING PROCEDURE 

Equipment Blank and Field Blank Preparation 

I. Purpose 
To prepare blanks to determine whether decontamination procedures are adequate 
and whether any cross-contamination is occurring during sampling due to 
contaminated air and dust. 

II. Scope 
The general protocols for preparing the blanks are outlined.  The actual equipment to 
be rinsed will depend on the requirements of the specific sampling procedure. 

III. Equipment and Materials 
• Blank liquid (use ASTM Type II or lab grade water) 
• Millipore deionized water 
• Sample bottles as appropriate 
• Gloves 
• Preservatives as appropriate 

IV. Procedures and Guidelines 
A. Decontaminate all sampling equipment that has come in contact with sample 

according to SOP Decontamination of Personnel and Equipment. 

B. To collect an equipment blank for volatile analysis from the surfaces of 
sampling equipment other than pumps, pour blank water over one piece of 
equipment and into two 40-ml vials until there is a positive meniscus, then seal 
the vials.  Note the sample number and associated piece of equipment in the 
field notebook as well as the type and lot number of the water used.  

  For non-volatiles analyses, one aliquot is to be used for equipment.  For 
example, if a pan and trowel are used, place trowel in pan and pour blank fluid 
in pan such that pan and trowel surfaces which contacted the sample are 
contacted by the blank fluid.  Pour blank fluid from pan into appropriate 
sample bottles. 

  Do not let the blank fluid come in contact with any equipment that has not 
been decontaminated. 
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 C. When collecting an equipment blank from a pump, run an extra gallon of 
deionized water through the pump while collecting the pump outflow into 
appropriate containers.  Make sure the flow rate is low when sampling VOCs.  
If a Grundfos Redi-Flo2 pump with disposable tubing is used, remove the 
disposable tubing after sampling but before decon.  When decon is complete, 
put a 3- to 5-foot segment of new tubing onto the pump to collect the 
equipment blank. 

 D. To collect a field blank, slowly pour ASTM Type II or lab grade water directly 
into sample containers. 

 E. Document and ship samples in accordance with the procedures for other 
samples.  

 F. Collect next field sample. 

V. Attachments 
None. 

VI. Key Checks and Items 
• Wear gloves. 
• Do not use any non-decontaminated equipment to prepare blank. 
• Use ASTM-Type II or lab grade water.  
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STANDARD OPERATING PROCEDURE 

Chain-of-Custody 

I Purpose 
The purpose of this SOP is to provide information on chain-of-custody procedures to 
be used under the CLEAN Program. 

II Scope 
This procedure describes the steps necessary for transferring samples through the 
use of Chain-of-Custody Records.  A Chain-of-Custody Record is required, without 
exception, for the tracking and recording of samples collected for on-site or off-site 
analysis (chemical or geotechnical) during program activities (except wellhead 
samples taken for measurement of field parameters).  Use of the Chain-of-Custody 
Record Form creates an accurate written record that can be used to trace the 
possession and handling of the sample from the moment of its collection through 
analysis.  This procedure identifies the necessary custody records and describes their 
completion.  This procedure does not take precedence over region specific or site-
specific requirements for chain-of-custody. 

III Definitions 
Chain-of-Custody Record Form - A Chain-of-Custody Record Form is a printed two-
part form that accompanies a sample or group of samples as custody of the 
sample(s) is transferred from one custodian to another custodian.  One copy of the 
form must be retained in the project file. 

Custodian - The person responsible for the custody of samples at a particular time, 
until custody is transferred to another person (and so documented), who then 
becomes custodian.  A sample is under one’s custody if: 

• It is in one’s actual possession. 

• It is in one’s view, after being in one’s physical possession. 

• It was in one’s physical possession and then he/she locked it up to prevent 
tampering. 

• It is in a designated and identified secure area. 

Sample - A sample is physical evidence collected from a facility or the environment, 
which is representative of conditions at the point and time that it was collected. 
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IV. Procedures 
The term “chain-of-custody” refers to procedures which ensure that evidence 
presented in a court of law is valid.  The chain-of-custody procedures track the 
evidence from the time and place it is first obtained to the courtroom, as well as 
providing security for the evidence as it is moved and/or passed from the custody 
of one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important 
part of the management control of samples.  Regulatory agencies must be able to 
provide the chain-of-possession and custody of any samples that are offered for 
evidence, or that form the basis of analytical test results introduced as evidence.  
Written procedures must be available and followed whenever evidence samples are 
collected, transferred, stored, analyzed, or destroyed. 

 Sample Identification 
The method of identification of a sample depends on the type of measurement or 
analysis performed.  When in situ measurements are made, the data are recorded 
directly in bound logbooks or other field data records with identifying information. 

Information which shall be recorded in the field logbook, when in-situ 
measurements or samples for laboratory analysis are collected, includes: 

• Field Sampler(s), 
• Contract Task Order (CTO) Number, 
• Project Sample Number, 
• Sample location or sampling station number, 
• Date and time of sample collection and/or measurement, 
• Field observations, 
• Equipment used to collect samples and measurements, and 
• Calibration data for equipment used 

Measurements and observations shall be recorded using waterproof ink. 

 Sample Label 
Samples, other than for in situ measurements, are removed and transported from the 
sample location to a laboratory or other location for analysis.  Before removal, 
however, a sample is often divided into portions, depending upon the analyses to be 
performed.  Each portion is preserved in accordance with the Sampling and 
Analysis Plan.  Each sample container is identified by a sample label (see 
Attachment A).  Sample labels are provided, along with sample containers, by the 
analytical laboratory.  The information recorded on the sample label includes: 

• Project - CTO Number. 

• Station Location - The unique sample number identifying this sample. 

• Date - A six-digit number indicating the day, month, and year of sample 
collection (e.g., 08/21/12). 
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• Time - A four-digit number indicating the 24-hour time of collection (for 
example: 0954 is 9:54 a.m., and 1629 is 4:29 p.m.). 

• Medium - Water, soil, sediment, sludge, waste, etc. 

• Sample Type - Grab or composite. 

• Preservation - Type and quantity of preservation added. 

• Analysis - VOA, BNAs, PCBs, pesticides, metals, cyanide, other. 

• Sampled By - Printed name of the sampler. 

• Remarks - Any pertinent additional information. 

Using only the work assignment number of the sample label maintains the 
anonymity of sites.  This may be necessary, even to the extent of preventing the 
laboratory performing the analysis from knowing the identity of the site (e.g., if the 
laboratory is part of an organization that has performed previous work on the site).  
The field team should always follow the sample ID system prepared by the project 
EIS and reviewed by the Project Manager. 

 Chain-of-Custody Procedures 
After collection, separation, identification, and preservation, the sample is 
maintained under chain-of-custody procedures until it is in the custody of the 
analytical laboratory and has been stored or disposed. 

 Field Custody Procedures 
• Samples are collected as described in the site Sampling and Analysis Plan.  Care 

must be taken to record precisely the sample location and to ensure that the 
sample number on the label matches the Chain-of-Custody Record exactly. 

• A Chain-of-Custody Record will be prepared for each individual cooler shipped 
and will include only the samples contained within that particular cooler.  The 
Chain-of-Custody Record for that cooler will then be sealed in a zip-log bag and 
placed in the cooler prior to sealing.  This ensures that the laboratory properly 
attributes trip blanks with the correct cooler and allows for easier tracking 
should a cooler become lost during transit. 

• The person undertaking the actual sampling in the field is responsible for the 
care and custody of the samples collected until they are properly transferred or 
dispatched. 

• When photographs are taken of the sampling as part of the documentation 
procedure, the name of the photographer, date, time, site location, and site 
description are entered sequentially in the site logbook as photos are taken.  
Once downloaded to the server or developed, the electronic files or 
photographic prints shall be serially numbered, corresponding to the logbook 
descriptions; photographic prints will be stored in the project files.  To identify 
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sample locations in photographs, an easily read sign with the appropriate 
sample location number should be included. 

• Sample labels shall be completed for each sample, using waterproof ink unless 
prohibited by weather conditions (e.g., a logbook notation would explain that a 
pencil was used to fill out the sample label if the pen would not function in 
freezing weather.) 

 Transfer of Custody and Shipment 
Samples are accompanied by a Chain-of-Custody Record Form.  A Chain-of-
Custody Record Form must be completed for each cooler and should include only 
the samples contained within that cooler.  A Chain-of-Custody Record Form 
example is shown in Attachment B.  When transferring the possession of samples, 
the individuals relinquishing and receiving will sign, date, and note the time on the 
Record.  This Record documents sample custody transfer from the sampler, often 
through another person, to the analyst in the laboratory.  The Chain-of-Custody 
Record is filled out as given below: 

• Enter header information (CTO number, samplers, and project name). 

• Enter sample specific information (sample number, media, sample analysis 
required and analytical method grab or composite, number and type of sample 
containers, and date/ time sample was collected). 

• Sign, date, and enter the time under “Relinquished by” entry. 

• Have the person receiving the sample sign the “Received by” entry.  If shipping 
samples by a common carrier, print the carrier to be used in this space (i.e., 
Federal Express). 

• If a carrier is used, enter the airbill number under “Remarks,” in the bottom right 
corner; 

• Place the original (top, signed copy) of the Chain-of-Custody Record Form in a 
plastic zipper-type bag or other appropriate sample-shipping package.  Retain 
the copy with field records. 

• Sign and date the custody seal, a 1-inch by 3-inch white paper label with black 
lettering and an adhesive backing.  Attachment C is an example of a custody 
seal.  The custody seal is part of the chain-of-custody process and is used to 
prevent tampering with samples after they have been collected in the field.  
Custody seals shall be provided by the analytical laboratory. 

• Place the seal across the shipping container opening (front and back) so that it 
would be broken if the container were to be opened. 

• Complete other carrier-required shipping papers. 
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The custody record is completed using waterproof ink.  Any corrections are made by 
drawing a line through and initialing and dating the change, then entering the 
correct information.  Erasures are not permitted. 

Common carriers will usually not accept responsibility for handling Chain-of-
Custody Record Forms; this necessitates packing the record in the shipping 
container (enclosed with other documentation in a plastic zipper-type bag).  As long 
as custody forms are sealed inside the shipping container and the custody seals are 
intact, commercial carriers are not required to sign the custody form. 

The laboratory representative who accepts the incoming sample shipment signs and 
dates the Chain-of-Custody Record, completing the sample transfer process.  It is 
then the laboratory’s responsibility to maintain internal logbooks and custody 
records throughout sample preparation and analysis. 

V Quality Assurance Records 
Once samples have been packaged and shipped, the Chain-of-Custody copy and 
airbill receipt become part of the quality assurance record. 

VI Attachments 
 A. Sample Label 
 B. Chain of Custody Form 
 C. Custody Seal  

VII References 
USEPA.  User’s Guide to the Contract Laboratory Program.  Office of Emergency and 
Remedial Response, Washington, D.C. (EPA/540/P-91/002), January 1991. 
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CM. 	Quality Analytical Laboratories, Inc. 
2567 Fairlane Drive 
Montgomery, Alabama 36116 
PH. (334)271-2440 

Client 	  
Sample No. 	  
Location 	  

Analysis 	  

Preservative  HCL 	  
Date 	 By 	  

CEMIC 
CORPORATION 

10 Dean Humus Drive, Narragansett, RI. 02882 • (401) 782-8900 

    

TRIM NAME 
	

DATE 

ANALYSIS 
	

TIME 

PRESERVATIVE 

    

 

SAMPLE TYPE 

  

❑ Grab ❑ Composite ❑ Other 
COLLECTED SY: 

J 

Quality Analytical laboratories, Inc. 
2567 Fairtane Drive 
Montgomery, Alabama 36116 
PH. (334)271-2440 

Client---:------------

Sample No.------------
Location ____________ _ 

Analysis ____________ _ 

Preservative -+H+'JI.o!C'-Io[..--_____ ..:...._ __ _ 
Date By 

r -·· · . 
l 

---- -- · · - ----· ·--· ~ 

CEIMIC 
CORPORATION 

10 Deu ~Drift, N~ JLL 0288S • (401) '18U900 

DATB 

AHALYBIS TDIB 

PBESEBVATIVB 

0 Grab 0 Composite 0 Other 
COlLECTED BYs 

... 
I 
'· 

_ _____ _ j 
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- CUSTODY SEAL -1-'!:ti~UOII Date - Signature 



STANDARD OPERATING PROCEDURE 

Decontamination of Personnel and Equipment 

I. Purpose 
To provide general guidelines for the decontamination of personnel, sampling 
equipment, and monitoring equipment used in potentially contaminated 
environments. 

II. Scope 
This is a general description of decontamination procedures. 

III. Equipment and Materials 
• Demonstrated analyte-free, deionized (“DI”) water (specifically, ASTM Type 

II water or lab-grade DI water) 

• Potable water; must be from a municipal water supplier, otherwise an 
analysis must be run for appropriate volatile and semivolatile organic 
compounds and inorganic chemicals (e.g., Target Compound List and Target 
Analyte List chemicals) 

• 2.5% (W/W) Liquinox (or Alconox) and water solution 

• Concentrated (V/V) pesticide grade isopropanol (DO NOT USE ACETONE) 

• Large plastic pails or tubs for Liquinox  and water, scrub brushes, squirt 
bottles for Liquinox solution, methanol and water, plastic bags and sheets 

• DOT approved 55-gallon drum for disposal of waste 

• Personal Protective Equipment as specified by the Health and Safety Plan 

• Decontamination pad and steam cleaner/high pressure cleaner for large 
equipment  

IV. Procedures and Guidelines 
A. PERSONNEL DECONTAMINATION 

 To be performed after completion of tasks whenever potential for 
contamination exists, and upon leaving the exclusion zone. 
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1. Wash boots in Liquinox solution, then rinse with water.  If 
disposable latex booties are worn over boots in the work area, rinse 
with Liquinox solution, remove, and discard into DOT-approved 
55-gallon drum. 

2. Wash outer gloves in Liquinox solution, rinse, remove, and discard 
into DOT-approved 55-gallon drum. 

3. Remove disposable coveralls (“Tyveks”) and discard into DOT-
approved 55-gallon drum. 

4. Remove respirator (if worn). 

5. Remove inner gloves and discard. 

6. At the end of the work day, shower entire body, including hair, either 
at the work site or at home. 

7. Sanitize respirator if worn. 

B. SAMPLING EQUIPMENT DECONTAMINATION—GROUNDWATER 
SAMPLING PUMPS 

Sampling pumps are decontaminated after each use as follows. 

1. Don phthalate-free gloves. 

2. Spread plastic on the ground to keep equipment from touching the 
ground 

3. Turn off pump after sampling. Remove pump from well and remove 
and dispose of tubing.  Place pump in decontamination tube. 

4. Turn pump back on and pump 1 gallon of Liquinox solution 
through the sampling pump. 

5. Rinse with 1 gallon of 10% isopropanol solution pumped through the 
pump. (DO NOT USE ACETONE). 

6. Rinse with 1 gallon of tap water. 

7. Rinse with 1 gallon of deionized water. 

8. Keep decontaminated pump in decontamination tube or remove and 
wrap in aluminum foil or clean plastic sheeting. 

9. Collect all rinsate and dispose of in a DOT-approved 55-gallon drum. 

10. Decontamination materials (e.g., plastic sheeting, tubing, etc.) that 
have come in contact with used decontamination fluids or sampling 
equipment will be disposed of in either DOT-approved 55-gallon 
drums or with solid waste in garbage bags, dependent on 
Facility/project requirements. 
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C. SAMPLING EQUIPMENT DECONTAMINATION—OTHER EQUIPMENT 

Reusable sampling equipment is decontaminated after each use as follows. 

1. Don phthalate-free gloves. 

2. Before entering the potentially contaminated zone, wrap soil contact 
points in aluminum foil (shiny side out). 

3. Rinse and scrub with potable water. 

4. Wash all equipment surfaces that contacted the potentially 
contaminated soil/water with Liquinox solution. 

5. Rinse with potable water. 

6. Rinse with distilled or potable water and isopropanol solution (DO 
NOT USE ACETONE). 

7. Air dry. 

8. Rinse with deionized water. 

9. Completely air dry and wrap exposed areas with aluminum foil 
(shiny side out) for transport and handling if equipment will not be 
used immediately. 

10. Collect all rinsate and dispose of in a DOT-approved 55-gallon drum. 

11. Decontamination materials (e.g., plastic sheeting, tubing, etc.) that 
have come in contact with used decontamination fluids or sampling 
equipment will be disposed of in DOT-approved 55-gallon drums or 
with solid waste in garbage bags, dependent on Facility/project 
requirements. 
 

D. HEALTH AND SAFETY MONITORING EQUIPMENT 
DECONTAMINATION 

1. Before use, wrap soil contact points in plastic to reduce need for 
subsequent cleaning. 

2. Wipe all surfaces that had possible contact with contaminated 
materials with a paper towel wet with Liquinox solution, then a 
towel wet with methanol solution, and finally three times with a 
towel wet with distilled water.  Dispose of all used paper towels in a 
DOT-approved 55-gallon drum or with solid waste in garbage bags, 
dependent on Facility/project requirements. 
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E. SAMPLE CONTAINER DECONTAMINATION 

The outsides of sample bottles or containers filled in the field may need to be 
decontaminated before being packed for shipment or handled by personnel 
without hand protection.  The procedure is: 

1. Wipe container with a paper towel dampened with Liquinox  
solution or immerse in the solution AFTER THE CONTAINERS 
HAVE BEEN SEALED.  Repeat the above steps using potable water. 

2. Dispose of all used paper towels in a DOT-approved 55-gallon drum 
or with solid waste in garbage bags, dependent on Facility/project 
requirements. 

 

F. HEAVY EQUIPMENT AND TOOLS 

Heavy equipment such as drilling rigs, drilling rods/tools, and the backhoe 
will be decontaminated upon arrival at the site and between locations as 
follows: 

1. Set up a decontamination pad in area designated by the Facility 

2. Steam clean heavy equipment until no visible signs of dirt are 
observed.  This may require wire or stiff brushes to dislodge dirt from 
some areas. 

V. Attachments 
None. 

VI. Key Checks and Items 
• Clean with solutions of Liquinox, methanol, and distilled water. 
• Do not use acetone for decontamination. 
• Drum all contaminated rinsate and materials. 
• Decontaminate filled sample bottles before relinquishing them to anyone. 
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STANDARD OPERATING PROCEDURE 

Decontamination of Drilling Rigs and Equipment 

I. Purpose and Scope 
The purpose of this guideline is to provide methods for the decontamination of 
drilling rigs, downhole drilling tools, and water-level measurement equipment.  
Personnel decontamination procedures are not addressed in this SOP; refer to the site 
safety plan and SOP Decontamination of Personnel and Equipment.  Sample bottles will 
not be field decontaminated; instead they will be purchased with certification of 
laboratory sterilization. 

II. Equipment and Materials 
• Portable steam cleaner and related equipment 
• Potable water 
• Phosphate-free detergent such as Liquinox 
• Buckets 
• Brushes 
• Isopropanol, pesticide grade 
• Personal Protective Equipment as specified by the Health and Safety Plan 
• ASTM–Type II grade water or Lab Grade DI Water 
• Aluminum foil 

III. Procedures and Guidelines 
A. Drilling Rigs and Monitoring Well Materials 

Before the onset of drilling, after each borehole, before drilling through 
permanent isolation casing, and before leaving the site, heavy equipment and 
machinery will be decontaminated by steam cleaning at a designated area.  The 
steam-cleaning area will be designed to contain decontamination wastes and 
waste waters and can be an HDPE-lined, bermed pad.  A pumping system will 
be used to convey decontaminated water from the pad to drums. 

Surface casings may be steam cleaned in the field if they are exposed to 
contamination at the site prior to use.  

B. Downhole Drilling Tools 

Downhole tools will be steam cleaned before the onset of drilling, prior to 
drilling through permanent isolation casing, between boreholes, and prior to 
leaving the site.  This will include, but is not limited to, rods, split spoons or 
similar samplers, coring equipment, augers, and casing. 
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Before the use of a sampling device such as a split-spoon sampler for the 
collection of a soil sample for physical characterization, the sampler shall be 
cleaned by scrubbing with a detergent solution followed by a potable water 
rinse. 

Before the use of a sampling device such as a split-spoon sampler for the 
collection of a soil sample for chemical analysis, the sampler shall be 
decontaminated following the procedures outlined in the following subsection.  

C. Field Analytical Equipment 

1. Water Level Indicators 

Water level indicators that consist of a probe that comes into contact 
with the groundwater must be decontaminated using the following 
steps: 

a. Rinse with tap water 
b. Rinse with de-ionized water 
c. Solvent rinse with isopropanol  
d. Rinse with de-ionized water 

2. Probes 

Probes, for example, pH or specific ion electrodes, geophysical probes, 
or thermometers that would come in direct contact with the sample, 
will be decontaminated using the procedures specified above unless 
manufacturer's instructions indicate otherwise.  For probes that make 
no direct contact, for example, OVM equipment, the probe will be 
wiped with clean paper-towels or cloth wetted with isopropanol. 

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
• The effectiveness of field cleaning procedures may be monitored by rinsing 

decontaminated equipment with organic-free water and submitting the rinse 
water in standard sample containers for analysis.   
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STANDARD OPERATING PROCEDURE 

Sampling Contents of Tanks and Drums 

I. Scope and Application 
This procedure provides an overview approach and guidelines for the routine 
sampling of drums and tanks.  Its purpose is to describe standard procedures and 
precautions which are applied in sampling drums and tanks.  Procedures for 
opening drums with the individual instruments are included in Attachment D. 

The samples obtained may be used to obtain physical chemical or radiological data.  
The resulting data may be qualitative or quantitative in nature, and are appropriate 
for use in preliminary surveys as well as confirmatory sampling. 

II. Summary of Methods 
Drums are generally sampled by means of sampling tubes such as glass sample 
tubes or COLIWASA samplers.  In either case, the sampling tube is manually 
inserted into the waste material.  A sample of the drum contents is withdrawn by 
the sampling device.  Should a drum contain bottom sludge, a glass tube will be 
used to retrieve a sample of this as well. 

Storage tank and tank trailers, because of their greater depths, require sampling 
devices that can be lowered from the top, filled at a particular depth, then 
withdrawn.  Such devices are a COLIWASA, a Kemmerer depth sampler, or a Bacon 
Bomb.  Where samples of bottom sludge are desired, a gravity corer can be utilized.  
This heavy tube with a tapered nose piece will penetrate the sludge as it free falls 
through the tank. 

III. Comments 
The sampling of tanks, containers, and drums present unique problems not 
associated with environmental samples.  Containers of this sort are generally closed 
except for small access ports, manways, or hatches on the larger vessels, or taps and 
bungs on smaller drums.  The physical size, shape, construction material, and 
location of access limit the types of equipment and methods of collection that can be 
used. 

When liquids are contained in sealed vessels, gas vapor pressure can build up, 
sludges can settle out, and density layerings (stratification) can develop.  Bulging 
drums may be under pressure and extreme caution should be exercised.  The 
potential exists for explosive reactions or the release of noxious gases when 
containers are opened.  All vessels should be opened with extreme caution.  Check 
the HSP for the level of personnel protection to be worn.  A preliminary sampling of 
any headspace gases is warranted.  As a minimum, a preliminary check with an 
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explosimeter and an organic vapor analyzer may be of aid in selecting a sampling 
method. 

In most cases it is impossible to observe the contents of these sealed or partially 
sealed vessels.  Since some layering or stratification is likely in any solution left 
undisturbed over time, a sample must be taken that represents the entire depth of 
the vessel. 

IV. Required Equipment and Apparatus 
A. Health and safety equipment/materials: As listed in the site safety plan. 

B. Sampling equipment: COLIWASA, glass sample tubes, Kemmerer depth 
sampler, Bacon Bomb, gravity corer. 

C. Tools: Rubber mallet, bung wrench, speed wrench with socket, etc., (all non-
sparking), paint marker. 

D. Heavy equipment: Backhoe equipped with explosion shield, drum grappler, 
and 3-foot copper-beryllium (non-sparking) spike with 6-inch collar (to 
puncture top of drums for sampling, if necessary). 

E. Sample Containers: As specified in the field sampling plan.  

V. Procedures 
A. Drums 

NOTE:  DO NOT open more than one drum at a time.  Each drum must be 
handled and sampled as a separate entity to reduce vapors in the sampling 
area. 

1. Drums will be sampled on an area-by-area basis.  Drums will be 
sampled after they have been placed in overpack drums but before 
they are transferred from the excavation to the onsite storage area. 

2. Record, in logbook, all pertinent information from visual inspection 
of drum (e.g., physical condition, leaks, bulges, and labels).  Label 
each drum with a unique identifying number. 

3. If possible, stage drums for easy access. 

4. If necessary, attach ground strap to drums and grounding point. 

5. Remove any standing material (water, etc.) from container top. 

6. Using non-sparking tools, carefully remove the bung or lid while 
monitoring air quality with appropriate instruments.  If necessary 
(and as a last resort), the non-sparking spike affixed to the backhoe 
can also be used to puncture the drum for sampling.  See 
Attachment D for method of drum opening.  Record air-quality 
monitoring results. 
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7. When sampling a previously sealed vessel, a check should be made 
for the presence of bottom sludge.  This is accomplished by 
measuring the depth to apparent bottom, then comparing it to the 
known interior depth. 

8. Agitation to disrupt the layers and rehomogenize the sample is 
physically difficult and almost always undesirable.  If the vessel is 
greater than 3 feet in depth (say, a 55-gallon drum), the appropriate 
sampling method is to slowly lower the sampling device (i.e., suction 
line of peristaltic pump, glass tube) in known increments of length.  
Discrete samples can be collected from various depths, then 
combined or analyzed separately.  If the depth of the vessel is greater 
than the lift capacity of the pump, an at-depth water sampler, such as 
the Kemmerer or Bacon Bomb type, may be required. 

9. Extract a representative sample from the drum using a glass rod, 
COLIWASA, Bacon Bomb, Kemmerer bottle, or gravity corer (See 
Attachments).  Ensure that the entire depth of material is penetrated.  
Depending on the size of the opening of the drum, three to four takes 
should be collected from random locations across the drum surface, 
to ensure a representative sample.  Any observed stratification must 
be recorded in logbook, including number and thickness of the layers 
and a conceptualized sketch. 

10. Record a visual description of the sample (e.g., liquid, solid, color, 
viscosity, and percent layers). 

11. When possible, sampling equipment (like glass tubes) should be 
expendable and be left inside the drum for disposal with drum 
contents, once sampling is completed. 

12. Place lid, bung, cap, etc., back in place on drum.  Tighten hand tight.  
If necessary, the sampling port can be sealed using a cork. 

13. Wipe up spilled material with lab wipes.  Wipe off sample containers. 

14. Mark the drum with a unique sample identification number and date 
using a paint marker. 

15. Samples will be handled as high hazard samples.  Samples will be 
placed in containers defined according to the analytical needs, wiped 
clean, and then packed in paint cans for shipping.  Packaging, 
labeling, and preparation for shipment procedures will follow 
procedures as specified in the field sampling plan. 

B. Underground Storage Tanks 

1. A sampling team of at least two people is required for sampling—one 
will collect samples, the other will relay required equipment and 
implements. 

DrumSample.doc  
QC and Reviewed 08/2012 

3 



2. Sampling team will locate a sampling port on the tank.  Personnel 
should be wearing appropriate protective clothing at this time and 
carrying sampling gear. 

3. Do not attempt to climb down into tank.  Sampling MUST BE 
accomplished from the top. 

4. Collect a sample from the upper, middle, and lower section of the 
tank contents with one of the recommended sampling devices. 

5. If compositing is necessary, ship samples to laboratory in separate 
containers for laboratory compositing. 

6. Samples will be handled as hazardous.  Samples will be placed in 
appropriate containers and packed with ice in a cooler.  Packaging, 
labeling, and preparation for shipment will follow procedures 
specified in the field sampling plan. 

C. Tank Trailers or Above-Ground Storage Tanks 

1. A sampling team of two is required.  One will collect samples, the 
other will relay required equipment and implements. 

2. Samples will be collected through the manhole (hatch) on top of the 
tanker or the fill port.  Do not open valves at the bottom.  Before 
opening the hatch, check for a pressure gauge or release valve.  Open 
the release valve slowly to bring the tank to atmospheric pressure. 

3. If tank pressure is too great, or venting releases large amounts of toxic 
gas, discontinue venting and sampling immediately.  Measure vented 
gas with organic vapor analyzer and explosimeter. 

4. If no release valve exists, slowly loosen hatch cover bolts to relieve 
pressure in the tank.  (Again, stop if pressure is too great.) 

5. Once pressure in tank has been relieved, open the hatch and 
withdraw sample using one of the recommended sampling devices. 

6. Sample each trailer compartment. 

7. If compositing is necessary, ship samples to laboratory in separate 
containers for laboratory compositing. 

8. Samples will be handled as hazardous.  Samples will be placed in 
appropriate containers and packed with ice in a cooler.  Packaging, 
labeling, and preparation for shipment will follow procedures 
specified in the field sampling plan. 

D. Refer to Attachment B for procedures for sampling with appropriate 
devices as follows: 

  Drum 

  Glass tube  — Procedure 1 
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  COLIWASA  — Procedure 2 

  Storage Tank and Tank Trailer 

  COLIWASA  — Procedure 2 
  Bacon Bomb  — Procedure 3 
  Gravity Corer  — Procedure 4 
  (for bottom sludge) 

VI. Contamination Control 
Sampling tools, instruments, and equipment will be protected from sources of 
contamination prior to use and decontaminated after use as specified in SOP 
Decontamination of Personnel and Equipment.  Liquids and materials from 
decontamination operations will be handled in accordance with the waste 
management plan.  Sample containers will be protected from sources of 
contamination.  Sampling personnel shall wear chemical resistant gloves when 
handling any samples.  Gloves will be decontaminated or disposed of between 
samples. 

VIII. Attachments 
A. Collection of Liquid-Containerized Wastes Using Glass Tubes 

B. Sampling Containerized Wastes Using the Composite Liquid Waste Sample 
(COLIWASA) 

C. Sampling Containerized Wastes Using the Bacon Bomb Sampler 

D. Gravity Corer for sampling Sludges in Large Containers 

E. Construction of a Typical COLIWASA 

F. Drum Opening Techniques and Equipment 

IX. References 
A Compendium of Superfund Field Operations Methods, EPA/540/P-87/001, U.S. 
Environmental Protection Agency, Washington, D.C., 1987. 

Data Quality Objectives for Remedial Activities - Development Process, EPA/540/G-
87/003, U.S. Environmental Protection Agency, Washington, D.C., 1987. 

Annual Book of ASTM Standards, Standard Recommended Practices for Sampling 
Industrial Chemicals, ASTM-E-300, 1986. 

Test Method for Evaluating Solid Waste, SW-846, Volume II, Field Methods, Second 
Edition, U.S. Environmental Protection Agency, Washington, D.C., 1982. 
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U.S. Environmental Protection Agency, Characterization of Hazardous Waste Sites — A 
Method Manual:  Volume II, Available Sampling Methods, USEPA Environmental 
Monitoring Systems Laboratory, Las Vegas, EPA-600/ 4-84-076, December, 1984. 

Environmental Surveillance Procedures, Quality Control Program, Martin Marietta 
Energy Systems, ESH/Sub/87-21706/1, Oak Ridge, TN, September 1988. 

X. Field Checklist 
  Sampling Instruments 

  Tools 

   Rubber Mallet 

   Logbook 

   Safety Glasses or Monogoggles 

   Safety Shoes 

   Ice/Cooler, as required 

   Custody Seals, as required 

   Chain-of-Custody Forms 

   Drum Labels, as required 

   Paint Marker, if drum sampling 

  Black Indelible Pen 

  Monitoring Instruments 

 

 

        Labels 

        Sampling and Analysis Plan 

        Health and Safety Plan 

        Decontamination Equipment 

        Lab Wipes 

        Lab Spatulas or Stainless Steel 
Spoons 

        Chemical Preservatives, as 
required 

        Appropriate Containers for 
Waste and Equipment 

        Duct Tape 

        Plastic Sheeting 
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Attachment A Collection of Liquid-Containerized Wastes Using 
Glass Tubes  

Discussion 
Liquid samples from opened containers (i.e., 55-gallon drums) are collected using lengths of 
glass tubing.  The glass tubes are normally 122 centimeters long and 6 to 16 millimeters 
inside diameter.  Larger diameter tubes may be used for more viscous fluids if sampling 
with the small diameter tube is not adequate.  The tubing is broken and discarded in the 
container after the sample has been collected, eliminating difficult cleanup and disposal 
problems.  This method should not be attempted with less than a two-person sampling 
team. 

Uses 
This method provides for a quick, relatively inexpensive means of collecting concentrated 
containerized wastes.  The major disadvantage is from potential sample loss that is 
especially prevalent when sampling low-viscosity fluids.  Splashing can also be a problem 
and proper protective clothing should always be worn. 

Note: A flexible tube with an aspirator attached is an alternative method to the glass 
tube, and allows various levels to be sampled discretely. 

Procedures for Use 
1. Remove cover from sample container. 

2. Insert glass tubing almost to the bottom of the container.  Tubing should be of 
sufficient length so that at least 30 centimeters extend above the top of the container. 

3. Allow the waste in the drum to reach its natural level in the tube. 

4. Cap the top of the tube with a safety-gloved thumb or a stopper. 

5. Carefully remove the capped tube from the drum.  If the tube has passed through 
more than one layer, the boundary should be apparent in the glass tube. 

6. Insert the bottom, uncapped end into the sample container. 

7. Partially release the thumb or stopper on the top of the tube and allow the sample to 
slowly flow into the sample container.  If separation of phases is desired, cap off 
tube before the bottom phase has completely emptied.  It may be advisable to have 
an extra container for “waste,” so that the fluid on either side of the phase boundary 
can be directed into a separate container, allowing collection of pure phase liquids in 
the sample containers.  The liquid remaining after the boundary fluid is removed is 
collected in yet a third container.  NOTE:  It is not necessary to put phases in 
separate containers if analysis of separate phases is not desired.  

8. Repeat steps 2 through 6 if more volume is needed to fill the sample container. 
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9. Remove the tube from the sample container and replace the tube in the drum, 
breaking it, if necessary, in order to dispose of it in the drum. 

Optional Method  (if sample of bottom sludge is desired) 

1. Remove the cover from the container opening. 

2. Insert glass tubing slowly almost to the bottom of the container.  Tubing should be 
of sufficient length so that at least 30 cm extends above the top of the container. 

3. Allow the waste in the drum to reach its natural level in the tube. 

4. Gently push the tube towards the bottom of the drum into the sludge layer.  Do not 
force it. 

5. Cap the top of the tube with a safety-gloved thumb or stopper. 

6. Carefully remove the capped tube from the drum and insert the uncapped end into 
the sample container. 

7. Release the thumb or stopper on the top of the tube and allow the sample container 
to fill to approximately 90 percent of its capacity.  If necessary, the sludge plug in the 
bottom of the tube can be dislodged with the aid of the stainless steel laboratory 
spatula. 

8. Repeat if more volume is needed to fill sample container and recap the tube. 

Note: 

1. If a reaction is observed when the glass tube is inserted (violent agitation, smoke, 
light, etc.), the investigators should leave the area immediately. 

2. If the glass tube becomes cloudy or smoky after insertion into the drum, the 
presence of hydrofluoric acid maybe indicated, and a comparable length of rigid 
plastic tubing should be used to collect the sample. 

3. When a solid is encountered in a drum (either layer or bottom sludge) the optional 
method described above may be used to collect a core of the material, or the material 
may be collected with a disposable scoop attached to a length of wooden or plastic 
rod. 
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Attachment B: Sampling Containerized Wastes using the 
Composite Liquid Waste Sampler (COLIWASA)  

Discussion 
The COLIWASA is a much-cited sampler designed to permit representative sampling of 
multiphase wastes from drums and other containerized wastes.  The sampler is 
commercially available or can be easily fabricated from a variety of materials, including 
PVC, glass, or Teflon.  In its usual configuration it consists of a 152 cm by 4 cm (inside 
diameter) section of tubing with a neoprene stopper at one end attached by a rod running 
the length of the tube to a locking mechanism at the other end.  Manipulation of the locking 
mechanism opens and closes the sampler by raising and lowering the neoprene stopper.  
See Attachment E: Construction of a COLIWASA. 

Uses 
The COLIWASA is primarily used to sample containerized liquids.  The PVC COLIWASA 
is reported to be able to sample most containerized liquid wastes except for those 
containing ketones, nitrobenzene, dimethylforamide, mesityloxide, and tetrahydrofuran.  A 
glass COLIWASA is able to handle all wastes unable to be sampled with the plastic unit 
except strong alkali and hydrofluoric acid solutions.  Due to the unknown nature of many 
containerized wastes, it would therefore be advisable to eliminate the use of PVC materials 
and use samplers composed of glass or Teflon. 

The major drawback associated with using a COLIWASA is concern for decontamination 
and costs.  The sampler is difficult, if not impossible, to decontaminate in the field, and its 
high cost in relation to alternative procedures (glass tubes) makes it an impractical 
throwaway item.  It still has applications, however, especially in instances where a true 
representation of a multiphase waste is absolutely necessary. 

Procedures for Use 
1. Check to make sure the sampler is functioning properly.  Adjust the locking 

mechanism, if present, to make sure the neoprene rubber stopper provides a tight 
closure. 

2. Put the sampler in the open position by placing the stopper rod handle in the 
T-position and pushing the rod down until the handle sits against the sampler’s 
locking block. 

3. Slowly lower the sampler into the liquid waste.  Lower the sampler at a rate that 
permits the levels of the liquid inside and outside the sampler tube to be about the 
same.  If the level of the liquid in the sample tube is lower than that outside the 
sampler, the sampling rate is too fast and will result in a non-representative sample. 

4. When the sampler stopper hits the bottom of the waste container, push the sampler 
tube downward against the stopper to close the sampler.  Lock the sampler in the 
closed position by turning the T-handle until it is upright and one end rests tightly 
on the locking block. 
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5. Slowly withdraw the sampler from the waste container with one hand while wiping 
the sampler tube with a laboratory wipe with the other hand.  A phase boundary, if 
present, can be observed through the tube. 

6. Carefully discharge the sample into a suitable sample container by slowly pulling 
the lower end of the T-handle away from the locking block while the lower end of 
the sampler is positioned in a sample container. 

7. Unscrew the T-handle of the sampler and disengage the locking block. 
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Attachment C: Sampling Containerized Wastes using the Bacon 
Bomb Sampler  

Discussion 
The Bacon Bomb is designed for the withdrawal of samples from various levels within a 
storage tank.  It consists of a cylindrical body with an internal tapered plunger that acts as a 
valve to admit the sample.  A line attached to the top of the plunger is used to open and 
close the valve.  A removable cover provides a point of attachment for the sample line and 
has a locking mechanism to keep the plunger closed after sampling.  The Bacon Bomb is 
usually constructed of chrome-plated brass and bronze with a rubber O-ring acting as the 
plunger-sealing surface.  Stainless steel versions are also available.  The volumemetric 
capacity is 8, 16, or 32 oz (237, 473, or 946 ml).   

Uses 

The Bacon Bomb is a heavy sampler suited best for viscous materials held in large storage 
tanks or in lagoons.  If a more non-reactive sampler is needed, the stainless steel version 
would be used, or any of the samplers could be coated with Teflon. 

Procedures for Use 

1. Attach the sample line and the plunger line to the sampler. 

2. Measure and then mark the sampling line at the desired depth. 

3. Gradually lower the sampler by the sample line until the desired level is reached. 

4. When the desired level is reached, pull up on the plunger line and allow the sampler 
to fill for a sufficient length of time before releasing the plunger line to seal off the 
sampler. 

5. Retrieve the sampler by the sample line, being careful not to pull up on the plunger 
line, thereby accidentally opening the bottom valve. 

6. Wipe off the exterior of the sampler body. 

7. Position the sampler over the sample container and release its contents by pulling 
up on the plunger line. 
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Attachment D: Gravity Corer for Sampling Sludges in Large 
Containers 

Discussion 
A gravity corer is a metal tube with a replaceable tapered nosepiece on the bottom and a 
ball or other type of check valve on the top.  The check valve allows water to pass through 
the corer on descent but prevents a washout during recovery.  The tapered nosepiece 
facilitates cutting and reduces core disturbance during penetration.  Most corers are 
constructed of brass or steel and many can accept plastic liners and additional weights. 

Uses 
Corers are capable of collecting samples of most sludges and sediments.  They collect 
essentially undisturbed samples that represent the strata profile that may develop in 
sediments and sludges during variations in the deposition process.  Depending on the 
density of the substrate and the weight of the corer, penetration to depths of 75 cm (30 in.) 
can be attained. Exercise care when using gravity corers in vessels or lagoons that have 
liners because penetration depths could exceed those of the substrate; this could result in 
damage to the liner material. 

Procedures for Use 
1. Attach a precleaned corer to the required length of sample line.  Solid braided 5-mm 

(3/16-in.) nylon line is sufficient; however, 20-mm (3/4-in.) nylon is easier to grasp 
during hand hoisting.  An additional weight can be attached to the outside of the 
corer if necessary. 

2. Secure the free end of the line to a fixed support to prevent accidental loss of the 
corer. 

3. Allow corer to free fall through the liquid to the bottom. 

4. Retrieve corer with a smooth, continuous, up-lifting motion.  Do not bump corer 
because this may result in some sample loss. 

5. Remove nosepiece from corer and slide sample out of corer into stainless steel or 
Teflon pan (preferred). 

6. Transfer sample into appropriate sample bottle with a stainless steel lab spoon or 
laboratory spatula. 

DrumSample.doc  
QC and Reviewed 08/2012 

12 



Attachment E: Construction of a Typical COLIWASA 
The sampling tube consists of a 1.52-m (5-ft) by 4.13-cm (1-5/8 in) I.D. translucent plastic 
pipe, usually polyvinyl chloride (PVC) or borosilicate glass plumbing tube.  The closure-
locking mechanism consists of a short-length, channeled aluminum bar attached to the 
sampler’s stopper rod by an adjustable swivel.  The aluminum bar serves both as a T-handle 
and lock for the samplers’ closure system.  When the sampler is in the open position, the 
handle is placed in the T-position and pushed down against the locking block.  This 
manipulation pushes out the neoprene stopper and opens at the sampling tube.  In the 
closed position, the handle is rotated until one leg of the T is squarely perpendicular against 
the locking block.  This tightly seats the neoprene stopper against the bottom opening of he 
sampling tube and positively locks the sampler in the closed position.  The closure tension 
can be adjusted by shortening or lengthening the stopper rod by screwing it in or out of the 
T-handle swivel.  The closure system of the sampler consists of a sharply tapered neoprene 
stopper attached to a 0.95-cm (3/8-in) O.D. rod, usually PVC.  The upper end of the stopper 
rod is connected to the swivel of the aluminum T-handle.  The sharply tapered neoprene 
stopper can be fabricated according to specifications by plastic-products manufacturers at 
an extremely high price, or it can be made in-house by grinding down the inexpensive 
stopper with a shop grinder. 

COLIWASA samplers are typically made out of plastic or glass.  The plastic type consists of 
translucent plastic (usually PVC) sampling tube.  The glass COLIWASA uses borosilicate 
glass plumbing pipe as the sampling tube and a Teflon plastic stopper rod.  For purpose of 
multiphase sampling, clear plastic or glass is desirable in order to observe the profile of the 
multiphase liquid. 

The sampler is assembled as follows: 

 a. Attach the swivel to the T-handle with the 3.18-cm (1-1/4 in) long bolt and 
secure with the 0.48-cm (3/16-in) National Coarse (NC) washer and lock nut. 

 b. Attach the PFTE stopper to one end of the stopper rod and secure with the 0.95-
cm (3/8-in) washer and lock nut. 

 c. Install the stopper and stopper rod assembly in the sampling tube. 

 d. Secure the locking block sleeve on the block with glue or screw.  This block can 
also be fashioned by shaping a solid plastic rod on a lathe to the required 
dimension. 

 e. Position the locking block on top of the sampling tube such that the sleeveless 
portion of the block fits inside the tube, the sleeve sits against the top end of 
the tube, and the upper end of the stopper rod slips though the center hole of 
the block. 

 f.  Attach the upper end of the stopper rod to the swivel of the T-handle. 

 g. Place the sampler in the close position and adjust the tension on the stopper by 
screwing the T-handle in or out. 
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Attachment F: Drum Opening Techniques and Equipment 1 

I. Introduction 
The opening of closed drums prior to sampling entails considerable risk if not done with the 
proper techniques, tools, and safety equipment.  The potential for vapor exposure, skin 
exposure due to splash or spraying, or even explosion resulting from sparks produced by 
friction of the tools against the drum, necessitate caution when opening any closed 
container.  Both manual drum opening and remote drum opening will be discussed in the 
following paragraphs.  When drums are opened manually risks are greater than when 
opened remotely; for this reason, the remote opening of drums is advised whenever 
possible. 

Prior to sampling, the drums should be staged to allow easy access.  Also, any standing 
water or other material should be removed from the container top so that the representative 
nature of the sample is not compromised when the container is opened.  There is also the 
possibility of encountering a water-reactive substance. 

II. Manual Drum Opening 
A. Bung Wrench 

A common method for opening drums manually is using a universal bung wrench.  
These wrenches have fittings made to remove nearly all commonly encountered 
bungs.  They are usually constructed of cast iron, brass, or a bronze-beryllium (a 
non-sparking alloy formulated to reduce the likelihood of sparks).  The use of bung 
wrenches marked “NON SPARKING” is encouraged.  However, the use of a “NON 
SPARKING” wrench does not completely eliminate the possibility of spark being 
produced.  Such a wrench only prevents a spark caused by wrench-to-bung friction, 
but it cannot prevent sparking between the threads on the drum and the bung. 

A simple tool to use, the fitting on the bung wrench matching the bung to be 
removed is inserted into the bung and the tool is turned counterclockwise to remove 
the bung.  Since the contents of some drums may be under pressure (especially, 
when the ambient temperature is high), the bung should be turned very slowly.  If 
any hissing is heard, the person opening the drum should back off and wait for the 
hissing to stop.  Since drums under pressure can spray out liquids when opened, the 
wearing of appropriate eye and skin protection in addition to respiratory protection 
is critical. 

B. Drum Deheader 

One means by which a drum can be opened manually when a bung is not 
removable with a bung wrench is by using a drum deheader.  This tool is 

1 Taken from EPA Training Course:  “Sampling for Hazardous Materials,” U.S. Environmental 
Protection Agency, Office of Emergency and Remedial Response Support Division, March 24, 1987. 
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constructed of forged steel with an alloy steel blade and is designed to cut the lid of 
a drum off or part way off by means of a scissors-like cutting action.  A limitation of 
this device is that it can be attached only to closed head drums (i.e., DOT 
Specification 17E and 17F drums); drums with removable heads must be opened by 
other means. 

Drums are opened with a drum deheader by first positioning the cutting edge just 
inside the top chime and then tightening the adjustment screw so that the deheader 
is held against the side of the drum.  Moving the handle of the deheader up and 
down while sliding the deheader along the chime will enable the entire top to be 
rapidly cut off if so desired.  If the top chime of a drum has been damaged or badly 
dented it may not be possible to cut the entire top off.  Since there is always the 
possibility that a drum may be under pressure, the initial cut should be made very 
slowly to allow for the gradual release of any built-up pressure.  A safer technique 
would be to employ a remote pressure release method prior to using the deheader. 

C. Hand Pick or Spike 

When a drum must be opened and neither a bung wrench nor a drum deheader is 
suitable, then it can be opened for sampling by using a hand pick, pickaxe, or spike.  
These tools are usually constructed of brass or a non-sparking alloy with a 
sharpened point that can penetrate the drum lid or head when the tool is swung.  
The hand picks or pickaxes that are most commonly used are commercially 
available, whereas the spikes are generally uniquely fabricated 4- foot long poles 
with a pointed end.  Often the drum lid or head must be hit with a great deal of 
force in order to penetrate it.  Because of this, the potential for splash or spraying is 
greater than with other opening methods and therefore this method of drum 
opening is not recommended, particularly when opening drums containing liquids.  
Some spikes used for drum opening have been modified by the addition of a circular 
splash plate near the penetrating end.  This plate acts as a shield and reduces the 
amount of splash in the direction of the person using the spike.  Even with this 
shield, good splash gear is essential. 

Since drums, some of which may be under pressure, cannot be opened slowly with 
these tools, “sprayers” may result and appropriate safety measures must be taken.  
The pick or spike should be decontaminated after each drum is opened to avoid 
cross contamination and/or adverse chemical reaction from incompatible materials. 

III. Remote Opening 
A. Backhoe Spike 

The most common means used to open drums remotely for sampling is the use of a 
metal spike attached or welded to a backhoe bucket.  In addition to being very 
efficient, this method can greatly reduce the likelihood of personnel exposure. 

Drums should be “staged,” or placed in rows with adequate aisle space to allow ease 
in backhoe maneuvering.  Once staged, the drums can be quickly opened by 
punching a hole in the drum head or lid with the spike. 
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The spike should be decontaminated after each drum is opened to prevent cross 
contamination.  Even though some splash or spray may occur when this method is 
used, the operator of the backhoe can be protected by mounting a large shatter-
resistant shield in front of the operator’s cage.  This, combined with the normal 
sampling safety gear, should be sufficient to protect the operator.  Additional 
respiratory protection can be afforded by providing the operator with an on-board 
airline system.  The hole in the drum can be sealed with a cork. 

B. Hydraulic Devices 

Recently, remotely operated hydraulic devices have been fabricated to open drums 
remotely.  One such device is discussed here.  This device uses hydraulic pressure to 
pierce through the wall of a drum.  It consists of a manually operated pump that 
pressurizes oil through a length of hydraulic line.  A piercing device with a metal 
point is attached to the end of this line and is pushed into the drum by the hydraulic 
pressure.  The piercing device can be attached so that a hole for sampling can be 
made in either the side or the head/lid of the drum.  Some of the metal piercers are 
hollow or tube-like so that they can be left in place, if desired, and serve as a 
permanent tap or sampling port.  The piercer is designed to establish a tight seal 
after penetrating the container. 

C. Pneumatic Devices 

Pneumatically-operated devices utilizing compressed air have been designed to 
remove drum bungs remotely.  A pneumatic bung remover consists of a compressed 
air supply (usually SCBA cylinders) that is controlled by a heavy-duty, 2-stage 
regulator.  A high pressure air line of desired length delivers compressed air to a 
pneumatic drill that is adapted to turn a bung fitting (preferably, a bronze-beryllium 
alloy) selected to fit the bung to be removed.  An adjustable bracketing system has 
been designed to position and align the pneumatic drill over the bung.  This 
bracketing system must be attached to the drum before the drill can be operated.  
Once the bung has been loosened, the bracketing system must be removed before 
the drum can be sampled.  This attachment and removal procedure is time- 
consuming and is the major drawback of this device.  This remote bung opener does 
not permit the slow venting of the container, and therefore appropriate precautions 
must be taken.  It also requires the container to be upright and relatively level.  
Bungs that are rusted shut cannot be removed with this device. 

IV. Summary 
The opening of closed containers is one of the most hazardous site activities.  
Maximum efforts would be made to ensure the safety of the sampling team.  Proper 
protective equipment and a general wariness of the possible dangers will minimize 
the risk inherent to sampling operations.  Employing proper drum opening 
techniques and equipment will also safeguard personnel.  The use of remote 
sampling equipment whenever feasible is highly recommended. 
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STANDARD OPERATING PROCEDURE 

Disposal of Waste Fluids and Solids 

I. Purpose and Scope 
This SOP describes the procedures used to dispose of hazardous fluid and solid 
materials generated as a result of the site operations.  This SOP does not provide 
guidance on the details of Department of Transportation regulations pertaining to the 
transport of hazardous wastes; the appropriate Code of Federal Regulations (49 CFR 
171 through 177) should be referenced. Also, the site investigation-derived waste 
management plan should be consulted for additional information and should take 
precedence over this SOP. 

II. Equipment and Materials 
A. Fluids 

• DOT-approved 55-gallon steel drums or Baker® Tanks 
• Tools for securing drum lids 
• Funnel for transferring liquid into drum 
• Labels 
• Paint Pens 
• Marking pen for appropriate labels 
• Seals for 55-gallon steel drums 

B. Solids 

• DOT-approved 55-gallon steel drums or rolloffs 
• Tools for securing drum lids 
• Paint Pens 
• Plastic sheets 
• Labels 
• Marking pen for appropriate labels 

III. Procedures and Guidelines 
A. Methodology 

Clean, empty drums or rolloffs or Baker® Tanks will be brought to the site by the 
drilling subcontractor for soil and groundwater collection and storage.  The empty 
drums will be located at the field staging area and moved to drilling locations as 
required.  The drums will be filled with the drilling and well installation wastes, 
capped, sealed, and moved to the onsite drum storage area by the drilling 
subcontractor.  The full drums will separate types of wastes by media.  The drums will 
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be labeled as they are filled in the field and labels indicating that the contents are 
pending analysis affixed.   

The drum contents will be sampled to determine the disposal requirements of the 
drilling wastes.  The drum sampling will be accomplished through the collection and 
submittal of composite samples, one sample per 10 drums (check with disposal facility 
to determine sample frequency) containing the same media. Similar compositing will 
be performed in each rolloff to obtain a representative sample.  The compositing of the 
sample will be accomplished by collecting a specific volume of the material in each 
drum into a large sample container.  When samples from each of the drums being 
sampled in a single compositing are collected, the sample will be submitted for TCLP, 
ignitability, corrosivity, and reactivity analysis.  The analysis will be used to determine 
if drilling wastes are covered by land disposal restrictions. 

If rolloffs are used, compositing and sampling of soil will comply with applicable state 
and federal regulations. 

B. Labels 

Drums and other containers used for storing wastes from drilling operations will be 
labeled when accumulation in the container begins.  Labels will include the following 
minimum information: 

• Container number 

• Container contents 

• Origin (source area including individuals wells, piezometers, and soil borings) 

• Date that accumulation began 

• Date that accumulation ended 

• Generator Contact Information 

• When laboratory results are received, drum labels will be completed or revised to 
indicate the hazardous waste constituents in compliance with Title 40 of the Code 
of Federal Regulations, Part 262, Subpart C if the results indicate hazardous waste 
or labeled as non-hazardous if applicable. 

C. Fluids 

Drilling fluids generated during soil boring and groundwater discharged during 
development and purging of the monitoring wells will be collected in 55-gallon, 
closed-top drums.  When a drum is filled, the bung will be secured tightly. Fluids may 
also be transferred to Baker® Tanks after being temporarily contained in drums to 
minimize the amount of drums used. 

When development and purging is completed, the water will be tested for appropriate 
hazardous waste constituents.  Compositing and sampling of fluids will comply with 
applicable state and federal regulations.   
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D. Solids 

The soil cuttings from well and boring drilling will constitute a large portion of the 
solids to be disposed of. 

The solid waste stream also will include plastic sheeting used for decontamination 
pads, Tyveks, disposable sampling materials, and any other disposable material used 
during the field operations that appears to be contaminated.  These materials will be 
placed in designated drums.  

E. Storage and Disposal  

The wastes generated at the site at individual locations will be transported to the drum 
storage area by the drilling services subcontractor.  Drums should be stored on pallets 
on plastic sheeting with a short berm wall (hay bales or 2 x 4 planks or equivalent) to 
capture small spills.   

Waste solid materials that contain hazardous constituents will be disposed of at an 
offsite location in a manner consistent with applicable solid waste, hazardous waste, 
and water quality regulations.  Transport and disposal will be performed by a 
commercial firm under subcontract. 

The liquid wastes meeting acceptable levels of discharge contamination may be 
disposed of through the sanitary sewer system at the site.  However, prior to disposal 
to the sanitary sewer system, approval and contract arrangements will be made with 
the appropriate authorities.  Wastes exceeding acceptable levels for disposal through 
the sanitary sewer system will be disposed of through contract with a commercial 
transport and disposal firm.  

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
• Check that representative samples of the containerized materials are obtained. 
• Be sure that all state and federal regulations are considered when classifying waste 

for disposal. 
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STANDARD OPERATING PROCEDURE 

Global Positioning System 

I. Purpose 
The procedure describes the calibration, operation, and functions associated with a 
Trimble® Pro XRS GPS Unit with a TSC-1 Asset Surveyor for datalogging. GPS signal 
information is differentially corrected to sub-meter accuracy on a continual basis using a 
second satellite signal broadcast from OmniSTAR satellite subscription service. The 
procedure applies to all field data collection activities. 

II. Scope 
This procedure provides information regarding the field operation and general maintenance 
of a Trimble® Pro XRS GPS Unit with a TSC-1 Asset Surveyor for datalogging.  The 
information contained herein presents the operation procedures for this equipment.  Review 
of the equipment’s instruction manual is a necessity for more detailed descriptions 
pertaining to the operation and maintenance of the equipment. 

III. Definitions 
GPS: Global Positioning System - A system of 24 satellites developed and operated by the 
US DOD. Continuous 3D coordinate information is broadcast free of charge on a worldwide 
basis enabling precise positional location. Three standard categories of positional accuracy 
are generally used: 

1. Uncorrected Signal - accuracy +/-10 meters - a single satellite transmission is used 

2. Differentially Corrected Signal - accuracy +/- <1 meter - additional positional 
transmissions are recorded simultaneously and used to triangulate coordinate position. 

3. Carrier Phase Signal- accuracy +/- <1 centimeter - requires a second receiver and 
additional software. Both receivers need to be equipped to receive Carrier Phase signals. 

IV. Procedures and Guidelines 
The procedure for calibration, operation, and maintenance of the GPS unit is outlined 
below. Daily calibration and battery recharging is typical operating procedure; frequencies 
other than daily shall be noted in the logbook and reason for increased frequency recorded. 
If using a different instrument, the operation manual supplied by the manufacturer should 
be consulted for instructions. 

The procedures described below include additional features pre-programmed into the GPS 
datalogger to aid the data collection process. 
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GLOBAL POSITIONING SYSTEM 

A. Calibration 
1. Check to ensure that the datalogger and antenna cables are properly connected to the 

receiver and that the batteries are securely connected. 

2. Turn the datalogger unit on by pressing the green On key in the bottom left corner. The 
datalogger will perform a self-calibration. Wait to ensure that the antenna is receiving a 
sufficient number of satellite signals (usually a minimum of 3). 

3. Once the datalogger receives a satellite signal then it is ready for operation.  

B. Operations for surveying coordinates of a location 
1. The datalogger and GPS receiver are ready for use after the initial self-calibration. 

2. Field data may be immediately recorded in the datalogger. 

3. The first screen view is the 'Main Menu'. Use the round keypad to select 'Data 
Collection' and press the Enter key. 

4. Use the round keypad to select either 'Create new file' or 'Open existing file' and press 
the Enter key. It is not necessary to create a new file at each new location; however, it 
may be useful to create a new file at the beginning of each day. 

5. If a new file is created then the GPS unit will automatically assign it a file name. The file 
name may be changed if desired. Press the enter key after the file name is assigned. If 
opening an existing file then use the round keypad to scroll through existing file names. 

6. The next screen is 'Antenna options'. Press the Enter key to move to the next screen. 

7. Select the type of activity to be performed. At the beginning of each day 'Sample Site 
Detail' should be completed. This allows the operator to enter each field team member, 
weather, objectives, health and safety meetings, etc. Once the 'Sample Site Detail' is 
completed then data entry activities may begin including well purging, water level 
elevations, and sample collection 

8. The datalogger prompts the operator when a data field is required and by using the 
round key pad, numeric, alphanumeric, enter, and escape keys, the operator can 
perform electronic data capture on the GPS datalogger. 

9. Once all information pertaining to an individual site has been recorded, press enter to 
complete data entry. If GPS signal is obstructed (tree canopy, building height, etc) user 
may choose to remain in same location until satellite transmission clears the obstruction. 
This usually takes only a few moments. Data may still be captured and recorded 
electronically even if GPS signal is insufficient for positioning. 

10. To shut down, press the Escape key to return to the 'Main Menu'. The unit can be turned 
off by pressing the green key in the left hand corner. The datalogger should only be 
turned off when the 'Main Menu' screen is displayed. 

11. All data from the datalogger should be downloaded into Trimble Pathfinder Office 
software on a PC a minimum of once daily. It is recommended that data is downloaded 
twice daily. Data may be viewed and mapped using Pathfinder Office or exported to 
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GLOBAL POSITIONING SYSTEM 

other software. Export file formats support standard ASCII text, generic database .dbf 
and most GIS and CAD software. 

C. Operations for locating a point using coordinates/reacquiring a previously 
surveyed location 

1. The datalogger and GPS receiver are ready for use after the initial self-calibration. 

2. Use the Trimble Pathfinder software to load the data file containing the coordinates for 
each desired location (“programmed location”). 

3. The first screen view is the 'Main Menu'. Use the keypad to select 'Navigation’ and press 
the Enter key. 

4. Use the round keypad to select 'Open existing file' to open the file loaded in Step 2 
above. 

5. Select the location to be reacquired from the screen and press the enter key. 

6. A circle with an arrow will appear. As you begin walking, the arrow will point in the 
direction of the programmed location. Walk in the direction indicated by the arrow. 

7. Once you are within 10-feet of the location being reacquired, the GPS unit will display a 
circle (representing the programmed location) and an “X” (representing the GPS unit). 
Continue to walk in the direction of the circle until the “X” is centered in the circle. Once 
the “X” is centered, you are standing at the programmed location. 

8. To shut down, press the Escape key to return to the 'Main Menu'. The unit can be turned 
off by pressing the green key in the left hand corner. The datalogger should only be 
turned off when the 'Main Menu' screen is displayed. 

D. Preventive Maintenance 
The antenna and datalogger are weatherproof. It is recommended that the receiver remain 
in the provided backpack carrier. Care should be taken not to crease, pinch or bend the 
antenna cable. Data should be downloaded from the datalogger a minimum of once daily, 
twice daily is preferred. At the end of each day the receiver batteries should be recharged. 
For technical assistance call the rental company through which you acquired the Trimble® 
unit. Guidance is also provided in the manual and at http://www.trimble.com. 

GPS.DOC   
REVIEWED AND REVISED 08/2012 3 

 



STANDARD OPERATING PROCEDURE 

Homogenization of Soil and Sediment Samples 

I. Purpose 
The homogenization of soil and sediment samples is performed to minimize any 
bias of sample representativeness introduced by the natural stratification of 
constituents within the sample. 

II. Scope 
Standard techniques for soil and sediment homogenization and equipment are 
provided in this SOP.  These procedures do not apply to aliquots collected for VOCs 
or field GC screening; samples for these analyses should NOT be homogenized. 

III. Equipment and Materials 
Sample containers, stainless steel spoons or spatulas, and stainless steel pans.  

IV. Procedures and Guidelines 
Soil and sediment samples to be analyzed for semivolatiles, pesticides, PCBs, metals, 
cyanide, or field XRF screening should be homogenized in the field.  After a sample 
is taken, a stainless steel spatula should be used to remove the sample from the split 
spoon or other sampling device.  The sampler should not use fingers to do this, as 
gloves may introduce organic interferences into the sample.   

Samples for VOCs should be taken immediately upon collection and should not be 
homogenized. 

Prior to homogenizing the soil or sediment sample, any rocks, twigs, leaves, or other 
debris should be removed from the sample.  The sample should be placed in a 
decontaminated stainless steel pan and thoroughly mixed using a stainless steel 
spoon.  The soil or sediment material in the pan should be scraped from the sides, 
corners, and bottom, rolled into the middle of the pan, and initially mixed.  The 
sample should then be quartered and moved to the four corners of the pan.  Each 
quarter of the sample should be mixed individually, and then rolled to the center of 
the pan and mixed with the entire sample again.  

All stainless steel spoons, spatulas, and pans must be decontaminated following 
procedures specified in SOP Decontamination of Personnel and Equipment prior to 
homogenizing the sample.  A composite equipment rinse blank of homogenization 
equipment should be taken each day it is used. 
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V. Attachments 
None. 

VI. Key Checks and Items 
• Take VOC samples immediately and do not homogenize the soil. 

• Homogenize soil for analyses other than VOCs in a clean, stainless steel 
bowl. 
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STANDARD OPERATING PROCEDURE  

Trenching for Landfill Delineation 

I. Purpose 
To provide reference material and general guidance on test pitting using a backhoe 
during landfill boundary confirmation activities. 

II. Equipment and Materials 
• Backhoe 

• Shovels, picks, scoops 

• Camera, slate (or other erasable material) board 

• Plastic sheeting and stakes and/or sand bags to cover test pits and excavated soil 

• Barricades to secure area around excavation 

• Onsite decontamination pad 

• Level D personnel protection equipment and onsite site safety officer 

III. Procedures and Guidelines 
A. General Considerations 

Test pits will be excavated along the landfill boundary as indicated by the 
results of soil borings and/or geophysical surveys.  

The onsite crew will photograph any significant features exposed by the test 
pit.  Photographs will include a slate board (or other marker) marked with (at a 
minimum) test pit number, date and time of photograph, description of 
feature.  Other observations (including soil descriptions) will be recorded in 
the logbook and/or the test-pit log. 

Once test pitting is complete, the pits will be backfilled with the stockpiled soil 
and re-graded to mimic the original ground surface contour. 

B. Trenching Activities 
1. Establish work zone according to the site safety plan 

2. Calibrate all air quality monitoring instruments 

3. Using a clean backhoe (decontaminated following SOP Decontamination 
of Personnel and Equipment), begin excavating perpendicular to and just 
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outside of the area defined as the landfill boundary during the 
geophysical survey.  Carefully excavate towards the boundary, 
recording all observations in the logbook, until buried material is 
encountered.  Remove only enough soil to identify the landfill 
boundary. 

4. Monitor the air quality in the breathing zone at 5-minute intervals 
during trenching activities to ensure the proper level of respiratory 
protection in being worn by all field team members. 

5. Photograph and document the trenching activities as appropriate.  
Backfill and regrade the test pit, discard plastic sheeting, decontaminate 
the backhoe, and set up at the next trenching location. 

IV. Attachments 
Test pit or trenching log (TESTPIT_DIAGRAM.XLS) 

V. Key Checks and Items 
Ensure that personnel are not allowed to enter the trench when it exceeds depth 
limitations specified by OSHA.  
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STANDARD OPERATING PROCEDURE 

Preparing Field Log Books 

I. Purpose 
This SOP provides general guidelines for entering field data into log books during 
site investigation and remediation activities. 

II. Scope 
This is a general description of data requirements and format for field log books.  
Log books are needed to properly document all field activities in support of data 
evaluation and possible legal activities. 

III. Equipment and Materials 
• Log book 

• Indelible pen  

IV. Procedures and Guidelines 
Properly completed field log books are a requirement for much of the work we 
perform under the Navy CLEAN contract.  Log books are legal documents and, as 
such, must be prepared following specific procedures and must contain required 
information to ensure their integrity and legitimacy. This SOP describes the basic 
requirements for field log book entries. 
 

A. PROCEDURES FOR COMPLETING FIELD LOG BOOKS 

1. Field notes commonly are kept in bound, hard-cover logbooks used 
by surveyors and produced, for example, by Peninsular Publishing 
Company and Sesco, Inc. Pages should be water-resistant and notes 
should be taken only with water-proof, non-erasable permanent ink, 
such as that provided in Sanford Sharpie permanent markers.  

2. On the inside cover of the log book the following information should 
be included: 

• Company name and address 

• Log-holders name if log book was assigned specifically to that 
person 

• Activity or location 
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• Project name 

• Project manager’s name   

• Phone numbers of the company, supervisors, emergency 
response, etc.   

3. All lines of all pages should be used to prevent later additions of text, 
which could later be questioned. Any line not used should be marked 
through with a line and initialed and dated. Any pages not used 
should be marked through with a line, the author’s initials, the date, 
and the note “Intentionally Left Blank.” 

4. If errors are made in the log book, cross a single line through the error 
and enter the correct information. All corrections shall be initialed 
and dated by the personnel performing the correction. If possible, all 
corrections should be made by the individual who made the error. 

5. Daily entries will be made chronologically. 

6. Information will be recorded directly in the field log book during the 
work activity.  Information will not be written on a separate sheet and 
then later transcribed into the log book. 

7. Each page of the log book will have the date of the work and the note 
takers initials. 

8. The final page of each day’s notes will include the note-takers 
signature as well as the date. 

9. Only information relevant to the subject project will be added to the 
log book.  

10. The field notes will be copied and the copies sent to the Project 
Manager or designee in a timely manner (at least by the end of each 
week of work being performed). 

B. INFORMATION TO BE INCLUDED IN FIELD LOG BOOKS  

1. Entries into the log book should be as detailed and descriptive as 
possible so that a particular situation can be recalled without reliance 
on the collector’s memory.  Entries must be legible and complete.  

2. General project information will be recorded at the beginning of each 
field project.  This will include the project title, the project number, 
and project staff.   

3. Scope: Describe the general scope of work to be performed each day. 

4. Weather: Record the weather conditions and any significant changes 
in the weather during the day.   

5. Tail Gate Safety Meetings: Record time and location of meeting, who 
was present, topics discussed, issues/problems/concerns identified, 
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and corrective actions or adjustments made to address concerns/ 
problems, and other pertinent information. 

6. Standard Health and Safety Procedures: Record level of personal 
protection being used (e.g., level D PPE), record air monitoring data 
on a regular basis and note where data were recording (e.g., reading 
in borehole, reading in breathing zone, etc).  Also record other 
required health and safety procedures as specified in the project 
specific health and safety plan. 

7. Instrument Calibration; Record calibration information for each piece 
of health and safety and field equipment. 

8. Personnel: Record names of all personnel present during field 
activities and list their roles and their affiliation.  Record when 
personnel and visitors enter and leave a project site and their level of 
personal protection. 

9. Communications: Record communications with project manager, 
subcontractors, regulators, facility personnel, and others that impact 
performance of the project. 

10. Time: Keep a running time log explaining field activities as they occur 
chronologically throughout the day. 

11. Deviations from the Work Plan: Record any deviations from the work 
plan and document why these were required and any 
communications authorizing these deviations. 

12. Heath and Safety Incidents: Record any health and safety incidents 
and immediately report any incidents to the Project Manager. 

13. Subcontractor Information: Record name of company, record names 
and roles of subcontractor personnel, list type of equipment being 
used and general scope of work.  List times of starting and stopping 
work and quantities of consumable equipment used if it is to be billed 
to the project. 

14. Problems and Corrective Actions: Clearly describe any problems 
encountered during the field work and the corrective actions taken to 
address these problems. 

15. Technical and Project Information: Describe the details of the work 
being performed. The technical information recorded will vary 
significantly between projects.  The project work plan will describe 
the specific activities to be performed and may also list requirements 
for note taking.  Discuss note-taking expectations with the Project 
Manager prior to beginning the field work. 

16. Any conditions that might adversely affect the work or any data 
obtained (e.g., nearby construction that might have introduced 
excessive amounts of dust into the air). 

Field Books 
QC and Reviewed 08/2012 3 



17. Sampling Information;  Specific information that will be relevant to 
most sampling jobs includes the following: 

• Description of the general sampling area – site name, 
buildings and streets in the area, etc. 

• Station/Location identifier 
• Description of the sample location – estimate location in 

comparison to two fixed points – draw a diagram in the field 
log book indicating sample location relative to these fixed 
points – include distances in feet. 

• Sample matrix and type 
• Sample date and time  
• Sample identifier 
• Draw a box around the sample ID so that it stands out in the 

field notes 
• Information on how the sample was collected – distinguish 

between “grab,” “composite,” and “discrete” samples 
• Number and type of sample containers collected  
• Record of any field measurements taken (i.e. pH,  turbidity, 

dissolved oxygen, and temperature, and conductivity) 
• Parameters to be analyzed for, if appropriate 
• Descriptions of soil samples and drilling cuttings can be 

entered in depth sequence, along with PID readings and other 
observations. Include any unusual appearances of the 
samples. 

 
C. SUGGESTED FORMAT FOR RECORDING FIELD DATA  

1. Use the left side border to record times and the remainder of the page 
to record information (see attached example). 

2. Use tables to record sampling information and field data from 
multiple samples. 

3. Sketch sampling locations and other pertinent information. 

4. Sketch well construction diagrams. 

V. Attachments 
Example field notes. 
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STANDARD OPERATING PROCEDURE 

Low-Flow Groundwater Sampling from 
Monitoring Wells – EPA Region I and III 

I. Purpose and Scope 
This SOP presents general guidelines for the collection of groundwater samples 
from monitoring wells using low-flow purging and sampling procedures.   
Operations manuals should be consulted for specific calibration and operating 
procedures. 

II. Equipment and Materials 
• Adjustable-rate positive-displacement pump, submersible pump, or peristaltic 

pump 
• Horiba® U-22 or equivalent water quality meters to monitor pH, specific 

conductance, turbidity, dissolved oxygen, oxidation-reduction potential (ORP), 
and temperature  

• Flow-through cell with inlet/outlet ports for purged groundwater and 
watertight ports for each probe 

• Generator or alternate power source depending on pump type  
• Water-level indicator 
• Disposable Teflon, Teflon-lined polyethylene tubing or polyethylene tubing for 

metals and other inorganics  
• Plastic sheeting 
• Well-construction information 
• Calibrated container and stopwatch to determine flow rate 
• Sample containers 
• In-line disposable 0.45µm filters (QED®  FF8100 or equivalent) 
• Shipping supplies (labels, coolers, and ice) 
• Field book 

III. Procedures and Guidelines 
A. Setup and Purging 

1. Obtain information on well location, diameter(s), depth, and screen 
interval(s), and the method for disposal of purged water.    

2. Calibrate instruments according to manufacturer's instructions. 

3. The well number, site, date, and condition are recorded in the field 
logbook. 
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4. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened.  All decontaminated equipment to be used in sampling will be 
placed only on the plastic sheeting until after the sampling has been 
completed. To avoid cross-contamination, do not let any downhole 
equipment touch the ground. 

5. All sampling equipment and any other equipment to be placed in the 
well is cleaned and decontaminated before sampling in accordance 
with SOP Decontamination of Personnel and Equipment. 

6. Water level measurements are collected in accordance with the Water 
Level Measurements SOP.  Do not measure the depth to the bottom of 
the well at this time; this reduces the possibility that any accumulated 
sediment in the well will be disturbed.  Obtain depth to bottom 
information from well construction log. 

7. Attach and secure the tubing to the low-flow pump.  Lower the pump 
slowly into the well and set it at approximately the middle of the 
screen.  Place the pump intake in the middle of the saturated screen 
length and should be at least two feet above the bottom of the well to 
avoid mobilization of any sediment present in the bottom.  

8. Insert the measurement probes into the flow-through cell.  The purged 
groundwater is directed through the cell, allowing measurements to be 
collected before the water contacts the atmosphere.  

9. If using a generator, locate it 30 feet downwind from the well to avoid 
exhaust fumes contaminating the samples.  

10. Start purging the well at 0.2 to 0.5 liters per minute.   Avoid surging.  
Purging rates for more transmissive formations could be started at 0.5-
liter to 1 liter per minute. The initial field parameters of pH, specific 
conductance, dissolved oxygen, ORP, turbidity, and temperature of 
water are measured and recorded in the field logbook. 

11. The water level should be monitored during purging, and, ideally, the 
purge rate should equal the well recharge rate so that there is little or 
no drawdown in the well (i.e., less than 0.3-foot).  The water level 
should stabilize for the specific purge rate.  There should be at least 1 
foot of water over the pump intake so there is no risk of the pump 
suction being broken, or entrainment of air in the sample.  Record 
adjustments in the purge rate and changes in depth to water in the 
logbook.  Purge rates should, if needed, be decreased to the minimum 
capabilities of the pump (0.1- to 0.2-liter per minute) to avoid affecting 
well drawdown.  

12. During purging, the field parameters are measured frequently (every 5 
minutes) until the parameters have stabilized.  Field parameters are 
considered stable when measurements meet the following criteria: 

• pH: within 0.1 pH units 

LowFlow – EPA Reg I&III   
QC and Revised 08/2012 
  2 



• Specific conductance: within 3 percent 

• Dissolved oxygen: within 10 percent 

• Turbidity: within 10 percent for values greater than 5 NTU; if 3 
turbidity values are less than 5 NTU, consider the values as 
stabilized 

• ORP: within 10 mV 

• Temperature: within 3 percent 

B. Sample Collection 

Once purging is complete the well is ready to sample.  The elapsed time 
between completion of purging and collection of the groundwater sample 
should be minimized.  Typically, the sample is collected immediately after the 
well has been purged, but this is also dependent on well recovery. 

Samples will be placed in sample containers that have been cleaned to 
laboratory standards and are preserved in accordance with the analytical 
method.  The containers are typically pre-preserved, if required.  

VOC samples are normally collected first and directly into pre-preserved 
sample containers. 

During purging and sampling, the centrifugal/peristaltic pump tubing must 
remain filled with water to avoid aeration of the groundwater.  It is 
recommended that ¼ or 3/8 inch inside diameter tubing be used to help insure 
that the sample tubing remains water filled.  If the pump tubing is not 
completely filled to the sampling point, collect non-VOC dissolved gasses 
samples first, then increase flow rate slightly until water completely fills the 
tubing and collect the VOC/dissolved gases samples.  Record new flow rate 
and drawdown depth. 

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 

2. The sample is slowly poured from the bailer or discharged from the 
pump so that it runs down the inside of the sample bottle with a 
minimum of splashing. The pumping rate should be reduced to 
approximately 100 ml per minute when sampling VOCs.  

3. Inorganics, including metals, may be collected and preserved in the 
filtered form as well as the unfiltered form.  Disposable in-line filters 
(0.45 micron filter), connected to the end of the sample tubing,, are 
typically used for field filtration.  Samples are field filtered as the water 
is being placed into the sample container.  If a bailer is used, filtration 
may be driven by a peristaltic pump.     
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4. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to the top with a positive meniscus. 

5. The bottle is capped and clearly labeled. 

6. Samples are placed in appropriate containers and, if necessary, packed 
with ice in coolers as soon as practical. 

7. Nondedicated equipment is cleaned and decontaminated in accordance 
with the Decontamination of Personnel and Equipment SOP. 

The following information, at a minimum, will be recorded in the log book: 

1. Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler's identity) 

2. Sample source and source description 

3. Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

4. Sample disposition (preservative; laboratory name, date and time sent; 
laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

5. Additional remarks 

C. Additional remarks 

1. If the well goes dry during purging, wait until it recovers sufficiently to 
remove the required volumes to sample all parameters.  It may be 
necessary to return periodically to the well but a particular sample (e.g., 
large amber bottles for semivolatile analysis) should be filled at one 
time rather than over the course of two or more visits to the well.  

2. Disposable tubing is disposed of with PPE and other site trash. 

IV. Attachments 
White paper on reasons and rationale for low-flow sampling. 

V. Key Checks and Preventative Maintenance 
• The drawdown in the well should be minimized as much as possible 

(preferably no more than 0.5-foot to 1 foot) so that natural groundwater-flow 
conditions are maintained as closely as possible. 

• The highest purging rate should not exceed 1 liter per minute. This is to keep 
the drawdown minimized. 
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• Stirring up of sediment in the well should be avoided so that turbidity 
containing adsorbed chemicals is not suspended in the well and taken in by 
the pump. 

• Overheating of the pump should be avoided to minimize the potential for 
losing VOCs through volatilization. 

• Keep the working space clean with plastic sheeting and good housekeeping. 

• Maintain field equipment in accordance with the manufacturer’s 
recommendations.  This will include, but is not limited to: 

• Inspect sampling pump regularly and replace as warranted 

• Inspect quick-connects regularly and replace as warranted 

• Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during 
field efforts 
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Attachment to the SOP on Low-Flow Sampling Groundwater Sampling 
from Monitoring Wells  

White Paper on Low-Flow Sampling 

 
EPA recommends low-flow sampling as a means of collecting groundwater samples in a way that 
minimizes the disturbance to the natural groundwater flow system and minimizes the introduction of 
contamination into the samples from extraneous sources. The following are details about these 
issues. 

When a pump removes groundwater from the well at the same rate that groundwater enters the well 
through the screen, the natural groundwater-flow system around the well experiences a minimum of 
disturbance. Some disturbance is bound to occur because you are causing groundwater to flow to the 
well in a radial fashion that otherwise would have flowed past it. However, the resulting low-flow 
sample provides the most-representative indication we can get of groundwater quality in the 
immediate vicinity of the well. 

Normally, when a well is pumped at an excessive rate that drops the water level in the well below the 
water level in the aquifer, the water cascades down the inside of the well screen when it enters the 
well. The turbulence from this cascading causes gases such as oxygen and carbon dioxide to mix 
with the water in concentrations that are not representative of the native groundwater and are higher 
than expected. This causes geochemical changes in the nature of the water that can change the 
concentrations of some analytes, particularly metals, in the groundwater sample, not mention it’s 
effect on the dissolved oxygen levels that then will be measured in the flow-through cell. Such 
turbulence also may cause lower-than-expected concentrations of volatile organic compounds due to 
volatilization.  

For wells in which the water level is above the top of the screen, the water up in the riser is out of the 
natural circulation of the groundwater and, therefore, can become stagnant. This stagnant water is no 
longer representative of natural groundwater quality because its pH, dissolved-oxygen content, and 
other geochemical characteristics change as it contacts the air in the riser. If we minimize the drawdown 
in the well when we pump, then we minimize the amount of this stagnant water that is brought down 
into the well screen and potentially into the pump. As a result, a more-representative sample is obtained.  

Typically, wells contain some sediment in the bottom of the well, either as a residue from 
development that has settled out of the water column or that has sifted through the sand pack and 
screen since the well was installed. This sediment commonly has adsorbed on it such analytes as 
metals, SVOCs, and dioxins that normally would not be dissolved in the groundwater. If these 
sediments are picked up in the groundwater when the well is disturbed by excessive pumping, they 
can: 

• Make filtering the samples for metals analysis more difficult 

• Add unreasonably to the measured concentration of SVOCs and other organic compounds 

The SOP for low-flow sampling has been modified recently and should be consulted for additional 
information about low-flow sampling and ways of dealing with wells in which the water level cannot 
be maintained at a constant level. 
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STANDARD OPERATING PROCEDURE 

Low-Flow Groundwater Sampling from 
Monitoring Wells – EPA Region IV 

I. Purpose and Scope 
This SOP presents general guidelines for the collection of groundwater samples 
from monitoring wells using low-flow purging and sampling procedures.   
Operations manuals should be consulted for specific calibration and operating 
procedures. 

II. Equipment and Materials 
• Adjustable-rate positive-displacement pump, submersible pump, or peristaltic 

pump 
• Horiba® U-22 or equivalent water quality meters to monitor pH, specific 

conductance, turbidity, dissolved oxygen, oxidation-reduction potential (ORP), 
and temperature  

• Flow-through cell with inlet/outlet ports for purged groundwater and 
watertight ports for each probe 

• Generator or alternate power source depending on pump type  
• Water-level indicator 
• Disposable Teflon, Teflon-lined polyethylene tubing or polyethylene tubing for 

metals and other inorganics  
• Plastic sheeting 
• Well-construction information 
• Calibrated container and stopwatch to determine flow rate 
• Sample containers 
• In-line disposable 0.45µm filters (QED®  FF8100 or equivalent) 
• Shipping supplies (labels, coolers, and ice) 
• Field book 

III. Procedures and Guidelines 
A. Setup and Purging 

1. Obtain information on well location, diameter(s), depth, and screen 
interval(s), and the method for disposal of purged water.    

2. Calibrate instruments according to manufacturer's instructions. 

3. The well number, site, date, and condition are recorded in the field 
logbook. 
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4. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened.  All decontaminated equipment to be used in sampling will be 
placed only on the plastic sheeting until after the sampling has been 
completed. To avoid cross-contamination, do not let any downhole 
equipment touch the ground. 

5. All sampling equipment and any other equipment to be placed in the 
well is cleaned and decontaminated before sampling in accordance 
with SOP Decontamination of Personnel and Equipment. 

6. Water level measurements are collected in accordance with the Water 
Level Measurements SOP.  Do not measure the depth to the bottom of 
the well at this time; this reduces the possibility that any accumulated 
sediment in the well will be disturbed.  Obtain depth to bottom 
information from well construction log. 

7. Attach and secure the tubing to the low-flow pump.  Lower the pump 
slowly into the well and set it at approximately the middle of the 
screen.  Place the pump intake in the middle of the saturated screen 
length and should be at least two feet above the bottom of the well to 
avoid mobilization of any sediment present in the bottom.  

8. Insert the measurement probes into the flow-through cell.  The purged 
groundwater is directed through the cell, allowing measurements to be 
collected before the water contacts the atmosphere.  

9. If using a generator, locate it 30 feet downwind from the well to avoid 
exhaust fumes contaminating the samples.  

10. Start purging the well at 0.2 to 0.5 liters per minute.   Avoid surging.  
Purging rates for more transmissive formations could be started at 0.5-
liter to 1 liter per minute. The initial field parameters of pH, specific 
conductance, dissolved oxygen, ORP, turbidity, and temperature of 
water are measured and recorded in the field logbook. 

11. The water level should be monitored during purging, and, ideally, the 
purge rate should equal the well recharge rate so that there is little or 
no drawdown in the well (i.e., less than 0.3-foot).  The water level 
should stabilize for the specific purge rate.  Record adjustments in the 
purge rate and changes in depth to water in the logbook.  Purge rates 
should, if needed, be decreased to the minimum capabilities of the 
pump (0.1- to 0.2-liter per minute) to avoid affecting well drawdown. If 
the water level is drawn down by more than 0.3 feet, purging should be 
conducted in accordance with SOP Groundwater Sampling from 
Monitoring Wells. 

12. During purging, the field parameters are measured frequently (every 5 
minutes) until the parameters have stabilized.  Field parameters are 
considered stable when measurements meet the following criteria: 

• pH: within 0.1 pH units 
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• Specific conductance: within 10 percent 

• Turbidity: <10 NTU or within 10 percent 

• Temperature: constant 

B. Sample Collection 

Once purging is complete the well is ready to sample.  The elapsed time 
between completion of purging and collection of the groundwater sample 
should be minimized.  Typically, the sample is collected immediately after the 
well has been purged, but this is also dependent on well recovery. 

Samples will be placed in sample containers that have been cleaned to 
laboratory standards and are preserved in accordance with the analytical 
method.  The containers are typically pre-preserved, if required.  

VOC samples are normally collected first and directly into pre-preserved 
sample containers (see Special Conditions for Sampling with Peristaltic 
Pumps). 

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 

2. The sample is slowly poured from the bailer or discharged from the 
pump so that it runs down the inside of the sample bottle with a 
minimum of splashing. The pumping rate should be reduced to 
approximately 100 ml per minute when sampling VOCs.  

3. Inorganics, including metals, may be collected and preserved in the 
filtered form as well as the unfiltered form.  Disposable in-line filters 
(0.45 micron filter), connected to the end of the sample tubing,, are 
typically used for field filtration.  Samples are field filtered as the water 
is being placed into the sample container.  If a bailer is used, filtration 
may be driven by a peristaltic pump.     

4. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to the top with a positive meniscus. 

5. The bottle is capped and clearly labeled. 

6. Samples are placed in appropriate containers and, if necessary, packed 
with ice in coolers as soon as practical. 

7. Nondedicated equipment is cleaned and decontaminated in accordance 
with the Decontamination of Personnel and Equipment SOP. 

The following information, at a minimum, will be recorded in the log book: 

1. Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler's identity) 
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2. Sample source and source description 

3. Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

4. Sample disposition (preservative; laboratory name, date and time sent; 
laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

5. Additional remarks 

Special Conditions for Sampling with Peristaltic Pumps 
It is not acceptable to collect samples for organic compounds analyses 
through the flexible tubing used in the pump head. When collecting samples 
for organic compound analyses it is necessary to use a vacuum container, 
placed between the pump and the well for sample collection. 

 
The following step-by-step procedures describe the process of sampling with 
a peristaltic pump and vacuum jug (see note following these procedures for 
collection of VOC samples): 

1. Disconnect the purge tubing from the pump. Make sure the tubing is 
securely attached to the protective casing or other secure object. 

2. Insert the tubing into one of the ferrule nut fittings of a Teflon® 
vacuum container transfer cap assembly. 

3. Place a suitable length of Teflon® tubing between the remaining 
transfer cap assembly ferrule nut fitting and the vacuum side of the 
flexible tubing in the peristaltic pump head. Securely hand-tighten 
both fittings. 

4. Turn the pump on. Water should begin to collect in the transfer 
container (typically a 1-liter “Boston round” glass sample container) 
within a few minutes. If water does not begin to flow into the container 
within several minutes, check the transfer cap fittings and make sure 
the assembly is tightly attached to the container. It may be necessary to 
tighten the ferrule nuts with a wrench or pliers to achieve a vacuum in 
the system, particularly when approaching the maximum head 
difference between the pump and water table (limit of suction). 

5. When the transfer container is nearly full, turn off the pump, remove 
the transfer cap assembly, and pour the sample into the appropriate 
containers.  

6. If additional sample volume is needed, replace the transfer cap 
assembly, turn the pump on, and collect additional volume.  

 

NOTE: Samples for volatile organic compound analyses cannot be collected 
using the vacuum jug method. If samples for VOC analyses are required, 
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they must be collected with a bailer or by other approved methods, such as 
the “soda straw” method. The “soda straw” method involves allowing the 
tubing to fill, by either lowering it into the water column (A) or by filling it 
via suction applied by the pump head (B). If method (A) is used, the tubing 
is removed from the well after filling and the captured sample is allowed to 
drain into the sample vial. If method (B) is used, after running the pump and 
filling the tubing with sample, the pump speed is reduced and the direction 
reversed to push the sample out of the tubing into the vials. Avoid 
completely emptying the tubing when filling the sample vials when using 
method (B) to prevent introducing water that was in contact with the flexible 
pump head tubing. Either method is repeated, as necessary, until all vials are 
filled. 

Samples for some constituents, primarily inorganic analytes such as metals 
and cyanide, may be collected directly from the peristaltic pump head 
tubing. This method is acceptable under the following conditions: 

 
• The pump head tubing must be changed between sampling 

locations; 

• An equipment rinsate blank must be collected by pumping de-
ionized water through a piece of the tubing. 

C. Additional remarks 

1. If the well goes dry during purging, wait until it recovers sufficiently to 
remove the required volumes to sample all parameters.  It may be 
necessary to return periodically to the well but a particular sample (e.g., 
large amber bottles for semivolatile analysis) should be filled at one 
time rather than over the course of two or more visits to the well.  

2. Disposable tubing is disposed of with PPE and other site trash. 

IV. Attachments 
White paper on reasons and rationale for low-flow sampling. 

V. Key Checks and Preventative Maintenance 
• The drawdown in the well should be minimized as much as possible 

(preferably no more than 0.5-foot to 1 foot) so that natural groundwater-flow 
conditions are maintained as closely as possible. 

• The highest purging rate should not exceed 1 liter per minute. This is to keep 
the drawdown minimized. 
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• Stirring up of sediment in the well should be avoided so that turbidity 
containing adsorbed chemicals is not suspended in the well and taken in by 
the pump. 

• Overheating of the pump should be avoided to minimize the potential for 
losing VOCs through volatilization. 

• Keep the working space clean with plastic sheeting and good housekeeping. 

• Maintain field equipment in accordance with the manufacturer’s 
recommendations.  This will include, but is not limited to: 

• Inspect sampling pump regularly and replace as warranted 

• Inspect quick-connects regularly and replace as warranted 

• Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during 
field efforts 
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Attachment to the SOP on Low-Flow Sampling Groundwater Sampling 
from Monitoring Wells  

White Paper on Low-Flow Sampling 

 
EPA recommends low-flow sampling as a means of collecting groundwater samples in a way that 
minimizes the disturbance to the natural groundwater flow system and minimizes the introduction of 
contamination into the samples from extraneous sources. The following are details about these 
issues. 

When a pump removes groundwater from the well at the same rate that groundwater enters the well 
through the screen, the natural groundwater-flow system around the well experiences a minimum of 
disturbance. Some disturbance is bound to occur because you are causing groundwater to flow to the 
well in a radial fashion that otherwise would have flowed past it. However, the resulting low-flow 
sample provides the most-representative indication we can get of groundwater quality in the 
immediate vicinity of the well. 

Normally, when a well is pumped at an excessive rate that drops the water level in the well below the 
water level in the aquifer, the water cascades down the inside of the well screen when it enters the 
well. The turbulence from this cascading causes gases such as oxygen and carbon dioxide to mix 
with the water in concentrations that are not representative of the native groundwater and are higher 
than expected. This causes geochemical changes in the nature of the water that can change the 
concentrations of some analytes, particularly metals, in the groundwater sample, not mention it’s 
effect on the dissolved oxygen levels that then will be measured in the flow-through cell. Such 
turbulence also may cause lower-than-expected concentrations of volatile organic compounds due to 
volatilization.  

For wells in which the water level is above the top of the screen, the water up in the riser is out of the 
natural circulation of the groundwater and, therefore, can become stagnant. This stagnant water is no 
longer representative of natural groundwater quality because its pH, dissolved-oxygen content, and 
other geochemical characteristics change as it contacts the air in the riser. If we minimize the drawdown 
in the well when we pump, then we minimize the amount of this stagnant water that is brought down 
into the well screen and potentially into the pump. As a result, a more-representative sample is obtained.  

Typically, wells contain some sediment in the bottom of the well, either as a residue from 
development that has settled out of the water column or that has sifted through the sand pack and 
screen since the well was installed. This sediment commonly has adsorbed on it such analytes as 
metals, SVOCs, and dioxins that normally would not be dissolved in the groundwater. If these 
sediments are picked up in the groundwater when the well is disturbed by excessive pumping, they 
can: 

• Make filtering the samples for metals analysis more difficult 

• Add unreasonably to the measured concentration of SVOCs and other organic compounds 

The SOP for low-flow sampling has been modified recently and should be consulted for additional 
information about low-flow sampling and ways of dealing with wells in which the water level cannot 
be maintained at a constant level. 
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STANDARD OPERATING PROCEDURE 

Mini RAE Photoionization Detector (PID) 

I. Purpose 
The purpose of this SOP is to provide general reference information for using the 
Mini RAE PID in the field.  Calibration and operation, along with field maintenance, 
will be included in this SOP. 

II. Scope 
This procedure provides information on the field operation and general 
maintenance of the Mini RAE PID.  Review of the information contained herein will 
ensure that this type of field monitoring equipment will be properly utilized.  
Review of the owner’s instruction manuals is a necessity for more detailed 
descriptions. 

III. Definitions 
Volatile Organic Compound (VOC) – Expresses the VOC concentration in ppm 

ppm - parts per million: parts of vapor or gas per million parts of air by volume. 

IV. Procedures 
The Mini RAE utilizes the principle of a detecting sensor.  The PID operates on the 
principle that most organic compounds and some inorganic compounds are ionized 
when they are bombarded by high-energy ultraviolet light. These compounds 
absorb the energy of the light, which excites the molecules and results in a loss of 
electron and the formation of a positively charged ion. The number of ions formed 
and the ion current produced is directly proportional to mass and concentration. The 
amount of energy required to displace an electron is called photo ionization 
potential (PIP). The air sample is drawn into a UV lamp using a pump or a fan. The 
energy of the lamp determines whether a particular chemical will be ionized. Each 
chemical compound has a unique ionizing potential. When the UV light energy is 
greater than the ionization potential of the chemical, ionization will occur. When the 
sample is ionized, the electrical signal is displayed on an analog or digital output. 
Although the output does not distinguish between chemicals, it does detect an 
increase in the ion current. If only one chemical is present in the air, it is possible to 
use PIDs quantitatively. Chemical structure and lamp intensity affects the sensitivity 
of the instrument to a given contaminant. All PID readings are relative to the 
calibration gas, usually isobutylene. It is important to calibrate the PID in the same 
temperature and elevation that the equipment will be used, and to determine the 
background concentrations in the field before taking measurements. For 
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environments where background readings are high, factory zero calibration gas 
should be used. 

Note:  For volatile and semi-volatile compounds, knowing the PIP is critical in 
determining the appropriate instrument to use when organic vapor screening. 
Consult the QAPP and manufacturer’s manual to determine that the proper 
instrument has been selected for the contaminate vapors of interest. If an expected 
compound at a site has a PIP less than 11.7  eV, it is possible to use a PID. If the 
ionization potential is greater than 11.7eV, an FID is required. 

The following subsections will discuss Mini RAE calibration, operation, and 
maintenance.  These sections, however, do not take the place of the instruction 
manual. 

A. Calibration 

Start up Instrument 
• Press Mode button 
• Observe displays: 

On!…….. 
 

 
Version X.XX 

 
Model Number 
SN XXXX 

 
Date Time 
Temp 

 
• After the monitor is turned on and it runs through the startup menus, the display will 

read “Ready”.  Press the [Y/+] key to start the pump. 
• The pump will start, the seconds will count down to zero, and the instrument will be 

ready for use 

Calibration Check and Adjustment 
Allow instrument to warm up for 15 minutes. 
• Depress the [N/-] key first, then while depressing the [N/-], depress the [Mode] key also 

and depress both keys for 5 seconds. 
• Display will read: 

Calibrate 
Monitor? 

• Press the [Y/+] key 
• Display will read: 
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Fresh Air  
Calibration? 

• Perform the Fresh Air Calibration in an area free of any detectable vapor near your 
work zone. 

• Press the [Y/+] key 
• Display will read: 

Zero…. 
In progress… 

 
Wait… 

 
Update data… 
 

 
Zeroed… 

 
Reading = X.X ppm 

 
• Press any key and the display will go back to: 

Fresh Air  
Calibration? 

• Press the [N/+] key 
• Display will read: 

Span/Cal? 

• Press the [Y/+] key 
• Display will read: 

Isobutylene = 100 ppm 

 
Apply Gas Now! 

• Press the [Y/+] key 
• Apply calibration gas – use either HAZCO Services Part Number R-SGRAE4 or Rae 

Systems Part Number 008-3002 – using a .5 LPM regulator and direct tubing. 
Wait…30 

• The display will count down showing the number of remaining seconds: 
Reading = 100 
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Update data, span cal done. 
Turn off gas! 

• Calibration readings between 99 and 102 ppm are within the acceptable range. 
• Display will read: 

Span/Cal? 

• CALIBRATION IS COMPLETE! 
• Press any key to return to operational mode. 

 

B. Operation 
Due to the Mini RAE having many functions in terms of operation, it is recom-
mended that you follow the operational procedures as outlined in the instruction 
manual from pages 2-5 to 2-14. 

C. Site Maintenance 
After each use, the meter should be recharged and the outside of the instruments 
should be wiped clean with a soft cloth. 

D. Scheduled Maintenance 
 Function     Frequency 

 
Check alarm and settings   Monthly/before each use 

Clean screens and gaskets around sensors Monthly 

Replace sensors    Biannually or when calibration is 
       unsuccessful 

V. Quality Assurance Records 
Quality assurance records will be maintained for each air monitoring event.  The 
following information shall be recorded in the field logbook. 

• Identification - Site name, date, location, CTO number, activity monitored, 
(surface water sampling, soil sampling, etc), serial number, time, resulting 
concentration, comments and identity of air monitoring personnel. 

• Field observations - Appearance of sampled media (if definable). 

• Additional remarks (e.g, Mini RAE had wide range fluctuations during air 
monitoring activities.) 

VI. References 
Mini RAE 2000 Portable VOC PGM-7600, RAE Systems, Revision E, May 2005. 
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STANDARD OPERATING PROCEDURE 

General Guidance for Monitoring Well 
Installation 

I. Purpose 
To provide site personnel with a review of the well installation procedures that will 
be performed.  These procedures are to be considered general guidelines only and 
are in no way intended to supplement or replace the contractual specifications in the 
driller’s subcontract.  

II. Scope 
Monitoring well installations are planned for shallow and/or deep unconsolidated 
aquifers and/or for bedrock aquifers. The SOPs Installation of Shallow Monitoring 
Wells, Installation of Surface-Cased Monitoring Wells, Installation of Bedrock Monitoring 
Wells, and Installation of Monitoring Wells Using Sonic Drilling provide more specifics. 

III. Equipment and Materials 
1.       Drilling rig (hollow stem auger, sonic, air hammer, air rotary, or mud rotary) 

2. Well-construction materials (i.e., surface casing, screens, riser, casing, caps, 
bottom plugs, centering guides, sand, bentonite, grout, and surface-finish 
materials) 

3. Development equipment   

IV. Procedures and Guidelines 
1. Wells will be installed in accordance with standard EPA procedures.  Note 

that USEPA Region III requires any well penetrating a confining layer to be 
double-cased. 

2. The threaded connections will be water-tight. 

3. Well screens generally will be constructed of 10-slot or 20-slot Schedule 40 
PVC and will be 5 to 10 feet in length depending on saturated thickness of 
unconsolidated sediments.  The exact slot size and length will be determined 
by the field team supervisor. Stainless steel may be required under certain 
contaminant conditions. 

4. Stick-up wells will be surrounded by four concrete-filled guard posts at least 
2 inches in diameter. 
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5. A record of the finished well construction will be compiled. 

6. All soils and liquids generated during well installations will be drummed for 
proper disposal. 

Monitoring Well Installation 
• 2” monitoring wells in unconsolidated materials will be installed in at least 

6-inch-diameter boreholes to accommodate well completion materials in 
designated locations. 

• All monitoring wells penetrating a confining layer will be surface-cased from 
the ground surface to approximately 5 feet into the confining layer. 
Exceptions to this may be allowed under certain circumstances (e.g., 
evidence of significant natural gaps in the confining layer).  

• Monitoring wells in unconsolidated materials will be constructed of 2-inch-
diameter, factory manufactured, flush-jointed, Schedule 40 PVC (or stainless 
steel) screen with threaded bottom plug and riser. 

• Screens will be filter packed with a properly sized and graded, thoroughly 
washed, sound, durable, well-rounded basalt or siliceous sand. When using 
hollow-stem augers, the filter pack will be installed by slowly pouring the 
sand into the annular space while simultaneously raising the augers and 
using a weighted tape to sound for the sand surface. For rotary-drilled wells, 
the height of the sand pack also will be sounded with a weighted tape. 

• The primary filter sand pack (typically Morie #00 or DSI #1 for a 10-slot 
screen) will extend from 1 to 2 feet below the base to 2 feet above the top of 
the screen; filter pack will be allowed to settle before final measurement is 
taken. For wells deeper than 30 feet, the filter pack will be placed using a 
tremie pipe and flowing water. 

• A secondary filter sand pack (typically a fine sand seal) 1-foot thick may be 
placed above the primary sand pack. 

• Annular well seals will consist of 2 feet of pelletized, chip, or granular 
bentonite clay placed above the filter pack. If necessary the pellets will be 
hydrated using potable water. For wells installed using hollow-stem augers, 
the bentonite will be poured into the annular space while slowly raising the 
augers and sounding for the top of the bentonite with a weighted tape. A 
high-solids bentonite slurry using powdered bentonite introduced with a 
side-discharging tremie pipe will be used for the bentonite seals in wells 
greater than 30 feet deep. For rotary-drilled wells, the height of the well seal 
also will be sounded with a weighted tape. High-solids slurries will have 
solids content of at least 20 percent.    

• The top of the annular seal will be measured after the bentonite seal has been 
allowed to hydrate and before the grout is applied. The seal will be allowed 
to hydrate for at least 30 minutes before work in the well continues. 
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• The annular space above the bentonite seal will be filled to grade with a 
bentonite-cement slurry grout mixture. 

• The grout mixture consists of 6 to 8 gallons of water per 94-pound bag of 
Portland cement; 3 to 6 pounds of bentonite added per bag of cement to 
reduce shrinkage. 

• The grout mix will be carefully applied to avoid disturbing the bentonite 
seal; the method of grout placement must force grout from the top of the 
bentonite seal to ground surface. 

• After allowing the grout to settle and set up overnight, additional grout will 
be added to maintain grade. 

• A protective steel casing equipped with keyed alike locking caps will be 
grouted in place for each new well; the casing will extend at least 2 feet 
above grade and 3 feet below grade, and will be painted a bright color. 

Well Development 
• New monitoring wells will be developed after the well has been completely 

installed and the grout has hardened (at least 24 hours) 

• The well will be developed by surging and pumping. 

• Equipment placed in the well will be decontaminated before use. 

• If information is available, begin developing in the least-contaminated well 
first. 

• Development will include surging the well by either abruptly stopping flow 
and allowing water in the well column to fall back into the well or through 
the use of a surge block that is slightly smaller in diameter than the well 
casing inner diameter. 

• Pipes and pumps must not be fitted with foot valves or other devices that 
might inhibit the return flow of water to the well. 

• Surging should continue throughout the development process. 

• The air-lift method may be used to pump materials out of the well.  The air 
compressor will be fitted with filters to remove all oil and the air lift hose 
used will be made of inert materials. 

• Well development will continue until the water produced is free of turbidity, 
sand, and silt.  A Horiba-U22 meter, YSI meter with separate Hanna 
turbidity meter, or equivalent should be used to determine when the 
turbidity is low and parameters have stabilized. 

• Development water will be considered hazardous and placed in sealed 
55-gallon U.S. DOT approved steel drums.  CH2M HILL will label and date 
the drums as pending analysis, and transport the drums to a designated site 
for storage.   
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V. Attachments 
None. 

VI. Key Check and Items 
• Ensure that all equipment is properly decontaminated as needed.  

• Only new, sealed materials (e.g., screens, risers, and sand) will be used in 
constructing the well.  

• Care shall be taken when making downhole measurements to ensure that proper 
heights of sand, seal, and grout are achieved.  
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STANDARD OPERATING PROCEDURE 

Groundwater Sampling from Monitoring Wells – 
EPA Region I and III 

I. Purpose and Scope 
This procedure presents general guidelines for collecting groundwater samples from 
monitoring wells.  The procedure does not address purging and sampling using 
“low-flow” techniques (see SOP Low-Flow Groundwater Sampling from Monitoring 
Wells – EPA Region I and III).  Operations manuals should be consulted for specific 
calibration and operating procedures. 

II. Equipment and Materials 
• Peristaltic pump, pneumatic bladder pump, or electric submersible pump, 

pump shroud, tubing, support cables, air compressor, control box, and power 
supply  

• Water quality meter, such as Horiba® U-22 or a combination of equivalent 
devices for monitoring pH, specific conductance, turbidity, dissolved oxygen, 
oxidation-reduction potential (ORP), and temperature  

 
• Flow through cell with inlet/outlet ports for purged groundwater and 

watertight ports for each water quality probe 

• Disposable 0.45µm filters (QED®  FF8100 or equivalent), if applicable 

• Bailer (Teflon or stainless steel) and nylon cord, if applicable 

Note: bailers and peristaltic pumps should only be used when site access or other 
limitations prevent the use of sampling pumps  

III. Procedures and Guidelines 
A. Setup and Purging 

1. Obtain information on well location, diameter(s), depth, and screened 
interval(s), and the method for disposal of purged water. 

2. A pump will be used for well purging if the well yield is adequate; 
otherwise, a bailer may be used depending on project requirements. 

3. Sampling equipment is cleaned and decontaminated prior to sampling 
in accordance with SOP Decontamination of Personnel and Equipment. 
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4. Instruments are calibrated according to manufacturer's instructions. 

5. The well number, site, date, and condition are recorded in the field 
logbook. 

6. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened.   

7. Water level measurements are collected in accordance with the Water 
Level Measurement SOP. 

8. The volume (v) of water in a well casing is calculated as follows:  

      v= 7.48(π r2h)  

where: π = 3.14 
 v=volume of water in well (gallons) 
 r = Radius of the well (feet) 

h = height of water in well (feet) 
 

The volume of water in common well casing diameters may be 
calculated as follows: 

2-inch diameter well: 
0.163 gal/ft x ___ (linear feet of water) = gallons 

4-inch diameter well: 
0.653 gal/ft x ___ (linear feet of water) = gallons 

6-inch diameter well: 
1.469 gal/ft x ___ (linear feet of water) = gallons 

9. Attach tubing, support cable or rope, and air line (if applicable) to the 
pump. The support line should bear the weight of the pump.  Set pump 
in the well at the desired sampling interval, typically mid-screen, and 
begin purging.  If a bailer is being used, it is removed from its 
protective covering and attached to a cord compatible with 
constituents. 

10. If a RediFlo or other similar electric submersible pump is to be used in a 
large diameter well (greater than 4 inches), a pump shroud should be 
used to direct the flow of water across the pump motor.  Failure to use 
a shroud in this situation can lead to overheating of the motor and loss 
of volatiles from the pump discharge. 

11. If a bailer is being used, it should be removed from its protective 
covering and attached to a cord compatible with the site contaminants. 
The bailer should be lowered into the top of the water column, allowed 
to fill, and removed. It is critical that bailers be slowly and gently 
immersed into the top of the water column, particularly during final 
stages of purging, to minimize turbidity and disturbance of volatile 
organic constituents. The use of bailers for purging and sampling is 
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discouraged because the correct technique is highly operator 
dependent and improper use may result in an unrepresentative sample. 

12. Field parameters including pH, ORP, turbidity, dissolved oxygen, 
specific conductance, and temperature are measured and recorded in 
the field logbook.  The water quality probes are inserted into a flow-
through cell.  The purged groundwater is directed through the cell by 
connecting the pump discharge tubing to the bottom port on the flow 
through cell, allowing measurements to be collected before the water 
contacts the atmosphere. 

13. During purging, the water quality parameters are measured at least 
once for each well volume.  A minimum of three well volumes must be 
purged (up to 5 well volumes may be purged if water quality 
parameters do not stabilize) prior to sampling.  In nonproductive wells, 
if the well is purged dry, it is not necessary to remove a minimum of 
three well volumes; however, the well should be allowed to recover 
sufficiently to allow collection of all samples. 

14. Three to five well volumes are purged (more may be purged if 
parameters do not stabilize).  Purging is stopped when field parameters 
have stabilized over three consecutive well volumes.  Field Water 
quality parameters are considered stable when pH measurements agree 
within 0.1 units, specific conductance measurements agree within 3 
percent, ORP measurements agree within 10 mV, dissolved oxygen 
measurements agree within 10 percent, and turbidity measurements 
agree within 10 percent or are as low as practicable given sampling 
conditions. 

B. Sample Collection 

Once purging is complete the well is ready to sample.  The elapsed time 
between completion of purging and collection of the groundwater sample 
should be minimized.  Typically, the sample is collected immediately after the 
well has been purged, but this is also dependent on well recovery. 

Samples will be placed in sample containers that have been cleaned to 
laboratory standards and are preserved in accordance with the analytical 
method.  The containers are typically pre-preserved, if required.   

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 

2. The sample is slowly poured from the bailer or discharged from the 
pump so that it runs down the inside of the sample bottle with a 
minimum of disturbance. The pumping rate should be reduced to 
approximately 100 ml per minute when sampling VOCs.  

3. Inorganics, including metals, may be collected and preserved in the 
filtered form as well as the unfiltered form.  Disposable in-line filters 
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(0.45 micron filter), connected to the end of the sample tubing,, are 
typically used for field filtration.  Samples are field filtered as the water 
is being placed into the sample container.  If a bailer is used, filtration 
may be driven by a peristaltic pump.     

4. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to the top with a positive meniscus. 

5. The bottle is capped and clearly labeled. 

6. Samples are placed in appropriate containers and, if necessary, packed 
with ice in coolers as soon as practical. 

7. If the sample tubing or bailer is dedicated, it is returned to the well and 
the well is capped and locked.  Nondedicated equipment is cleaned 
and decontaminated in accordance with the Decontamination of 
Personnel and Equipment SOP. 

The following information, at a minimum, will be recorded in the log book: 

1. Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler's identity) 

2. Sample source and source description 

3. Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

4. Sample disposition (preservative; laboratory name, date and time sent; 
laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

Additional remarks 

IV. Attachments 
None. 

V. Key Checks and Preventative Maintenance 
• Use of peristaltic pumps and bailers should be avoided, if possible. 

• Allow the field parameters to stabilize within the specified criteria as much as 
possible.  

• Fill bottles for VOC samples first. 

• Be sure the sample identification is properly specified. 
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• Maintain field equipment in accordance with the manufacturer’s 
recommendations.  This may include, but is not limited to: 

− Inspect sampling pump regularly and replace as warranted 

− Bring supplies for replacing the bladder and “O” rings if using a 
positive-displacement bladder pump 

− Inspect tubing regularly and replace as warranted 

− Inspect air/sample line quick-connects regularly and replace as 
warranted 

− Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during 
field efforts 

 

 

 

 

MWSamp-EPA Reg I&III.doc   
QC and Reviewed 08/2012 
  5 



STANDARD OPERATING PROCEDURE 

Groundwater Sampling from Monitoring Wells -
EPA Region IV 

I. Purpose and Scope 
This procedure presents general guidelines for collecting groundwater samples from 
monitoring wells.  The procedure does not address purging and sampling using 
“low-flow” techniques (see SOP Low-Flow Groundwater Sampling from Monitoring 
Wells – EPA Region IV).  Operations manuals should be consulted for specific 
calibration and operating procedures. 

II. Equipment and Materials 
• Peristaltic pump, pneumatic bladder pump, or electric submersible pump, 

pump shroud, tubing, support cables, air compressor, control box, and power 
supply  

• Water quality meter, such as Horiba® U-22 or a combination of equivalent 
devices for monitoring pH, specific conductance, turbidity, dissolved oxygen, 
oxidation-reduction potential (ORP), and temperature  

 
• Flow through cell with inlet/outlet ports for purged groundwater and 

watertight ports for each water quality probe 

• Disposable 0.45µm filters (QED®  FF8100 or equivalent), if applicable 

• Bailer (Teflon or stainless steel) and nylon cord, if applicable 

Note: bailers and peristaltic pumps should only be used when site access or other 
limitations prevent the use of sampling pumps  

III. Procedures and Guidelines 
A. Setup and Purging 

1. Obtain information on well location, diameter(s), depth, and screened 
interval(s), and the method for disposal of purged water. 

2. A pump will be used for well purging if the well yield is adequate; 
otherwise, a bailer may be used depending on project requirements. 

3. Sampling equipment is cleaned and decontaminated prior to sampling 
in accordance with SOP Decontamination of Personnel and Equipment. 
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4. Instruments are calibrated according to manufacturer's instructions. 

5. The well number, site, date, and condition are recorded in the field 
logbook. 

6. Plastic sheeting is placed on the ground, and the well is unlocked and 
opened.   

7. Water level measurements are collected in accordance with the Water 
Level Measurement SOP. 

8. The volume (v) of water in a well casing is calculated as follows:  

      v= 7.48(π r2h)  

where: π = 3.14 
 v=volume of water in well (gallons) 
 r = Radius of the well (feet) 

h = height of water in well (feet) 
 

The volume of water in common well casing diameters may be 
calculated as follows: 

2-inch diameter well: 
0.163 gal/ft x ___ (linear feet of water) = gallons 

4-inch diameter well: 
0.653 gal/ft x ___ (linear feet of water) = gallons 

6-inch diameter well: 
1.469 gal/ft x ___ (linear feet of water) = gallons 

9. Attach tubing, support cable or rope, and air line (if applicable) to the 
pump. The support line should bear the weight of the pump. The 
pump/hose assembly should be lowered into the top of the standing 
water column and not deep into the column. No more than three to five 
feet of hose should be lowered into the water column. If the recovery 
rate of the well is faster than the pump rate and no observable draw 
down occurs, the pump should be raised until the intake is within one 
foot of the top of the water column for the duration of purging. If the 
pump rate exceeds the recovery rate of the well, the pump will have to 
be lowered, as needed, to accommodate the drawdown. 

10. If a RediFlo or other similar electric submersible pump is to be used in a 
large diameter well (greater than 4 inches), a pump shroud should be 
used to direct the flow of water across the pump motor.  Failure to use 
a shroud in this situation can lead to overheating of the motor and loss 
of volatiles from the pump discharge. 
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11. If a bailer is being used, it should be removed from its protective 
covering and attached to a cord compatible with the site contaminants. 
The bailer should be lowered into the top of the water column, allowed 
to fill, and removed. It is critical that bailers be slowly and gently 
immersed into the top of the water column, particularly during final 
stages of purging, to minimize turbidity and disturbance of volatile 
organic constituents. The use of bailers for purging and sampling is 
discouraged because the correct technique is highly operator 
dependent and improper use may result in an unrepresentative sample. 

12. Field parameters including pH, ORP, turbidity, dissolved oxygen, 
specific conductance, and temperature are measured and recorded in 
the field logbook.  The water quality probes are inserted into a flow-
through cell.  The purged groundwater is directed through the cell by 
connecting the pump discharge tubing to the bottom port on the flow 
through cell, allowing measurements to be collected before the water 
contacts the atmosphere. 

13. During purging, the water quality parameters are measured at least 
once for each well volume.  A minimum of three well volumes must be 
purged (up to 5 well volumes may be purged if water quality 
parameters do not stabilize) prior to sampling.  In nonproductive wells, 
if the well is purged dry it is not necessary to remove a minimum of 
three well volumes; however, the well should be allowed to recover 
sufficiently to allow collection of all samples. 

14. Water quality parameters are considered stable when the temperature 
is constant, pH measurements agree within 0.1 units, specific 
conductance measurements agree within 10 percent, , and turbidity 
measurements are less than 10 NTU or agree within 10 percent. 

B. Sample Collection 

Once purging is complete the well is ready to sample.  The elapsed time 
between completion of purging and collection of the groundwater sample 
should be minimized.  Typically, the sample is collected immediately after the 
well has been purged, but this is also dependent on well recovery. 

Samples will be placed in sample containers that have been cleaned to 
laboratory standards and are preserved in accordance with the analytical 
method.  The containers are typically pre-preserved, if required.   

The steps to be followed for sample collection are as follows: 

1. The cap is removed from the sample bottle, and the bottle is tilted 
slightly. 

2. The sample is slowly poured from the bailer or discharged from the 
pump so that it runs down the inside of the sample bottle with a 
minimum of disturbance. The pumping rate should be reduced to 
approximately 100 ml per minute when sampling VOCs.  
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3. Inorganics, including metals, may be collected and preserved in the 
filtered form as well as the unfiltered form.  Disposable in-line filters 
(0.45 micron filter), connected to the end of the sample tubing, are 
typically used for field filtration.  Samples are field filtered as the water 
is being placed into the sample container.  If a bailer is used, filtration 
may be driven by a peristaltic pump.     

4. Adequate space is left in the bottle to allow for expansion, except for 
VOC vials, which are filled to the top with a positive meniscus. 

5. The bottle is capped and clearly labeled. 

6. Samples are placed in appropriate containers and, if necessary, packed 
with ice in coolers as soon as practical. 

7. If the sample tubing or bailer is dedicated, it is returned to the well and 
the well is capped and locked.  Nondedicated equipment is cleaned 
and decontaminated in accordance with the Decontamination of 
Personnel and Equipment SOP. 

The following information, at a minimum, will be recorded in the log book: 

1. Sample identification (site name, location, and project number; sample 
name/number and location; sample type and matrix; time and date; 
sampler's identity) 

2. Sample source and source description 

3. Field observations and measurements (appearance, volatile screening, field 
chemistry, sampling method), volume of water purged prior to sampling, 
number of well volumes purged, and field parameter measurements 

4. Sample disposition (preservative; laboratory name, date and time sent; 
laboratory sample number, chain-of-custody number, sample bottle lot 
number) 

5. Additional remarks 

Special Conditions for Sampling with Peristaltic Pumps 
It is not acceptable to collect samples for organic compounds analyses 
through the flexible tubing used in the pump head. When collecting samples 
for organic compound analyses it is necessary to use a vacuum container, 
placed between the pump and the well for sample collection. 

 
The following step-by-step procedures describe the process of sampling with 
a peristaltic pump and vacuum jug (see note following these procedures for 
collection of VOC samples): 

1. Disconnect the purge tubing from the pump. Make sure the tubing is 
securely attached to the protective casing or other secure object. 

2. Insert the tubing into one of the ferrule nut fittings of a Teflon® 
vacuum container transfer cap assembly. 
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3. Place a suitable length of Teflon® tubing between the remaining 
transfer cap assembly ferrule nut fitting and the vacuum side of the 
flexible tubing in the peristaltic pump head. Securely hand-tighten both 
fittings. 

4. Turn the pump on. Water should begin to collect in the transfer 
container (typically a 1-liter “Boston round” glass sample container) 
within a few minutes. If water does not begin to flow into the container 
within several minutes, check the transfer cap fittings and make sure 
the assembly is tightly attached to the container. It may be necessary to 
tighten the ferrule nuts with a wrench or pliers to achieve a vacuum in 
the system, particularly when approaching the maximum head 
difference between the pump and water table (limit of suction). 

5. When the transfer container is nearly full, turn off the pump, remove 
the transfer cap assembly, and pour the sample into the appropriate 
containers.  

6. If additional sample volume is needed, replace the transfer cap 
assembly, turn the pump on, and collect additional volume.  

 
NOTE: Samples for volatile organic compound analyses cannot be collected 
using the vacuum jug method. If samples for VOC analyses are required, 
they must be collected with a bailer or by other approved methods, such as 
the “soda straw” method. The “soda straw” method involves allowing the 
tubing to fill, by either lowering it into the water column (A) or by filling it 
via suction applied by the pump head (B). If method (A) is used, the tubing is 
removed from the well after filling and the captured sample is allowed to 
drain into the sample vial. If method (B) is used, after running the pump and 
filling the tubing with sample, the pump speed is reduced and the direction 
reversed to push the sample out of the tubing into the vials. Avoid 
completely emptying the tubing when filling the sample vials when using 
method (B) to prevent introducing water that was in contact with the flexible 
pump head tubing. Either method is repeated, as necessary, until all vials are 
filled. 
 
Samples for some constituents, primarily inorganic analytes such as metals 
and cyanide, may be collected directly from the peristaltic pump head 
tubing. This method is acceptable under the following conditions: 

 
• The pump head tubing must be changed between sampling 

locations; 

• An equipment rinsate blank must be collected by pumping 
de-ionized water through a piece of the tubing. 

 

IV. Attachments 
None. 
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V. Key Checks and Preventative Maintenance 
• Use of peristaltic pumps and bailers should be avoided, if possible. 

• Allow the field parameters to stabilize within the specified criteria as much as 
possible.  

• Fill bottles for VOC samples first. 

• Be sure the sample identification is properly specified. 

• Maintain field equipment in accordance with the manufacturer’s 
recommendations.  This may include, but is not limited to: 

− Inspect sampling pump regularly and replace as warranted 

− Bring supplies for replacing the bladder and “O” rings if using a 
positive-displacement bladder pump 

− Inspect tubing regularly and replace as warranted 

− Inspect air/sample line quick-connects regularly and replace as 
warranted 

− Verify battery charge, calibration, and proper working order of field 
measurement equipment prior to initial mobilization and daily during 
field efforts 
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STANDARD OPERATING PROCEDURE 

General Guidance for Monitoring Well 
Installation 

I. Purpose 
To provide site personnel with a review of the well installation procedures that will 
be performed.  These procedures are to be considered general guidelines only and 
are in no way intended to supplement or replace the contractual specifications in the 
driller’s subcontract.  

II. Scope 
Monitoring well installations are planned for shallow and/or deep unconsolidated 
aquifers and/or for bedrock aquifers. The SOPs Installation of Shallow Monitoring 
Wells, Installation of Surface-Cased Monitoring Wells, Installation of Bedrock Monitoring 
Wells, and Installation of Monitoring Wells Using Sonic Drilling provide more specifics. 

III. Equipment and Materials 
1.       Drilling rig (hollow stem auger, sonic, air hammer, air rotary, or mud rotary) 

2. Well-construction materials (i.e., surface casing, screens, riser, casing, caps, 
bottom plugs, centering guides, sand, bentonite, grout, and surface-finish 
materials) 

3. Development equipment   

IV. Procedures and Guidelines 
1. Wells will be installed in accordance with standard EPA procedures.  Note 

that USEPA Region III requires any well penetrating a confining layer to be 
double-cased. 

2. The threaded connections will be water-tight. 

3. Well screens generally will be constructed of 10-slot or 20-slot Schedule 40 
PVC and will be 5 to 10 feet in length depending on saturated thickness of 
unconsolidated sediments.  The exact slot size and length will be determined 
by the field team supervisor. Stainless steel may be required under certain 
contaminant conditions. 

4. Stick-up wells will be surrounded by four concrete-filled guard posts at least 
2 inches in diameter. 
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5. A record of the finished well construction will be compiled. 

6. All soils and liquids generated during well installations will be drummed for 
proper disposal. 

Monitoring Well Installation 
• 2” monitoring wells in unconsolidated materials will be installed in at least 

6-inch-diameter boreholes to accommodate well completion materials in 
designated locations. 

• All monitoring wells penetrating a confining layer will be surface-cased from 
the ground surface to approximately 5 feet into the confining layer. 
Exceptions to this may be allowed under certain circumstances (e.g., 
evidence of significant natural gaps in the confining layer).  

• Monitoring wells in unconsolidated materials will be constructed of 2-inch-
diameter, factory manufactured, flush-jointed, Schedule 40 PVC (or stainless 
steel) screen with threaded bottom plug and riser. 

• Screens will be filter packed with a properly sized and graded, thoroughly 
washed, sound, durable, well-rounded basalt or siliceous sand. When using 
hollow-stem augers, the filter pack will be installed by slowly pouring the 
sand into the annular space while simultaneously raising the augers and 
using a weighted tape to sound for the sand surface. For rotary-drilled wells, 
the height of the sand pack also will be sounded with a weighted tape. 

• The primary filter sand pack (typically Morie #00 or DSI #1 for a 10-slot 
screen) will extend from 1 to 2 feet below the base to 2 feet above the top of 
the screen; filter pack will be allowed to settle before final measurement is 
taken. For wells deeper than 30 feet, the filter pack will be placed using a 
tremie pipe and flowing water. 

• A secondary filter sand pack (typically a fine sand seal) 1-foot thick may be 
placed above the primary sand pack. 

• Annular well seals will consist of 2 feet of pelletized, chip, or granular 
bentonite clay placed above the filter pack. If necessary the pellets will be 
hydrated using potable water. For wells installed using hollow-stem augers, 
the bentonite will be poured into the annular space while slowly raising the 
augers and sounding for the top of the bentonite with a weighted tape. A 
high-solids bentonite slurry using powdered bentonite introduced with a 
side-discharging tremie pipe will be used for the bentonite seals in wells 
greater than 30 feet deep. For rotary-drilled wells, the height of the well seal 
also will be sounded with a weighted tape. High-solids slurries will have 
solids content of at least 20 percent.    

• The top of the annular seal will be measured after the bentonite seal has been 
allowed to hydrate and before the grout is applied. The seal will be allowed 
to hydrate for at least 30 minutes before work in the well continues. 
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• The annular space above the bentonite seal will be filled to grade with a 
bentonite-cement slurry grout mixture. 

• The grout mixture consists of 6 to 8 gallons of water per 94-pound bag of 
Portland cement; 3 to 6 pounds of bentonite added per bag of cement to 
reduce shrinkage. 

• The grout mix will be carefully applied to avoid disturbing the bentonite 
seal; the method of grout placement must force grout from the top of the 
bentonite seal to ground surface. 

• After allowing the grout to settle and set up overnight, additional grout will 
be added to maintain grade. 

• A protective steel casing equipped with keyed alike locking caps will be 
grouted in place for each new well; the casing will extend at least 2 feet 
above grade and 3 feet below grade, and will be painted a bright color. 

Well Development 
• New monitoring wells will be developed after the well has been completely 

installed and the grout has hardened (at least 24 hours) 

• The well will be developed by surging and pumping. 

• Equipment placed in the well will be decontaminated before use. 

• If information is available, begin developing in the least-contaminated well 
first. 

• Development will include surging the well by either abruptly stopping flow 
and allowing water in the well column to fall back into the well or through 
the use of a surge block that is slightly smaller in diameter than the well 
casing inner diameter. 

• Pipes and pumps must not be fitted with foot valves or other devices that 
might inhibit the return flow of water to the well. 

• Surging should continue throughout the development process. 

• The air-lift method may be used to pump materials out of the well.  The air 
compressor will be fitted with filters to remove all oil and the air lift hose 
used will be made of inert materials. 

• Well development will continue until the water produced is free of turbidity, 
sand, and silt.  A Horiba-U22 meter, YSI meter with separate Hanna 
turbidity meter, or equivalent should be used to determine when the 
turbidity is low and parameters have stabilized. 

• Development water will be considered hazardous and placed in sealed 
55-gallon U.S. DOT approved steel drums.  CH2M HILL will label and date 
the drums as pending analysis, and transport the drums to a designated site 
for storage.   
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V. Attachments 
None. 

VI. Key Check and Items 
• Ensure that all equipment is properly decontaminated as needed.  

• Only new, sealed materials (e.g., screens, risers, and sand) will be used in 
constructing the well.  

• Care shall be taken when making downhole measurements to ensure that proper 
heights of sand, seal, and grout are achieved.  
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STANDARD OPERATING PROCEDURE 

Logging of Soil Borings 

I. Purpose and Scope 
This SOP provides guidance to obtain accurate and consistent descriptions of soil 
characteristics during soil-sampling operations.  The characterization is based on 
visual examination and manual tests, not on laboratory determinations. 

II. Equipment and Materials 
• Indelible pens 
• Tape measure or ruler 
• Field logbook 
• Spatula 
• HCL, 10 percent solution 
• Squirt bottle with water 
• Rock- or soil-color chart (e.g., Munsell) 
• Grain-size chart 
• Hand lens 
• Unified Soil Classification System (USCS) index charts and tables to help with 

soil classification (attached) 

III. Procedures and Guidelines 
This section covers several aspects of soil characterization: instructions for 
completing the CH2M HILL soil boring log Form D1586 (attached), field 
classification of soil, and standard penetration test procedures. 

A. Instructions for Completing Soil Boring Logs  

Soil boring logs will be completed in the field log books or on separate soil boring 
log sheets.  Information collected will be consistent with that required for Form 
D1586 (attached), a standard CH2M HILL form (attached), or an equivalent form 
that supplies the same information.   

The information collected in the field to perform the soil characterization is 
described below.   

Field personnel should review completed logs for accuracy, clarity, and 
thoroughness of detail.  Samples also should be checked to see that information is 
correctly recorded on both jar lids and labels and on the log sheets. 
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B. Heading Information 

Boring/Well Number.  Enter the boring/well number.  A numbering system should 
be chosen that does not conflict with information recorded for previous exploratory 
work done at the site.  Number the sheets consecutively for each boring.   

Location.  If station, coordinates, mileposts, or similar project layout information is 
available, indicate the position of the boring to that system using modifiers such as 
“approximate” or “estimated” as appropriate. 

Elevation.  Elevation will be determined at the conclusion of field activities through 
a survey.  

Drilling Contractor.  Enter the name of the drilling company and the city and state 
where the company is based. 

Drilling Method and Equipment.  Identify the bit size and type, drilling fluid (if 
used), and method of drilling (e.g., rotary, hollow-stem auger).  Information on the 
drilling equipment (e.g., CME 55, Mobile B61) also is noted.  

Water Level and Date.  Enter the depth below ground surface to the apparent water 
level in the borehole.  The information should be recorded as a comment.  If free 
water is not encountered during drilling or cannot be detected because of the 
drilling method, this information should be noted.  Record date and time of day (for 
tides, river stage) of each water level measurement.   

Date of Start and Finish.  Enter the dates the boring was begun and completed.  
Time of day should be added if several borings are performed on the same day. 

Logger.  Enter the first and last name. 

C. Technical Data 

Depth Below Surface.  Use a depth scale that is appropriate for the sample spacing 
and for the complexity of subsurface conditions.   

Sample Interval.  Note the depth at the top and bottom of the sample interval.  

Sample Type and Number.  Enter the sample type and number.  SS-1 = split spoon, 
first sample.  Number samples consecutively regardless of type.  Enter a sample 
number even if no material was recovered in the sampler. 

Sample Recovery.  Enter the length to the nearest 0.1-foot of soil sample recovered 
from the sampler.  Often, there will be some wash or caved material above the 
sample; do not include the wash material in the measurement. Record soil recovery 
in feet. 

Standard Penetration Test Results.  In this column, enter the number of blows 
required for each 6 inches of sampler penetration and the "N" value, which is the 
sum of the blows in the middle two 6-inch penetration intervals.  A typical standard 
penetration test involving successive blow counts of 2, 3, 4, and 5 is recorded as 2-3-
4-5 and (7).  The standard penetration test is terminated if the sampler encounters 
refusal.  Refusal is a penetration of less than 6 inches with a blow count of 50.  A 
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partial penetration of 50 blows for 4 inches is recorded as 50/4 inches. Penetration 
by the weight of the slide hammer only is recorded as “WOH.” 

Samples should be collected using a 140-pound hammer and 2-inch diameter split 
spoons.   Samples may be collected using direct push sampling equipment.  
However, blow counts will not be available.  A pocket penetrometer may be used 
instead to determine relative soil density of fine grained materials (silts and clays). 

Sample also may be collected using a 300-pound hammer or 3-inch-diameter split-
spoon samples at the site.  However, use of either of these sample collection 
devices invalidates standard penetration test results and should be noted in the 
comments section of the log.  The 300-pound hammer should only be used for 
collection of 3-inch-diameter split-spoon samples.  Blow counts should be recorded 
for collection of samples using either a 3-inch split-spoon, or a 300-pound hammer. 
 An “N” value need not be calculated. 

Soil Description.  The soil classification should follow the format described in the 
“Field Classification of Soil” subsection below. 

Comments.  Include all pertinent observations (changes in drilling fluid color, rod 
drops, drilling chatter, rod bounce as in driving on a cobble, damaged Shelby 
tubes, and equipment malfunctions).  In addition, note if casing was used, the sizes 
and depths installed, and if drilling fluid was added or changed.  You should 
instruct the driller to alert you to any significant changes in drilling (changes in 
material, occurrence of boulders, and loss of drilling fluid).  Such information 
should be attributed to the driller and recorded in this column. 

Specific information might include the following:   

• The date and the time drilling began and ended each day 
• The depth and size of casing and the method of installation 
• The date, time, and depth of water level measurements 
• Depth of rod chatter 
• Depth and percentage of drilling fluid loss 
• Depth of hole caving or heaving   
• Depth of change in material   
• Health and safety monitoring data 
• Drilling interval through a boulder 

D. Field Classification of Soil 

This section presents the format for the field classification of soil.  In general, the 
approach and format for classifying soils should conform to ASTM D 2488, Visual-
Manual Procedure for Description and Identification of Soils (attached).  

The Unified Soil Classification System is based on numerical values of certain soil 
properties that are measured by laboratory tests.  It is possible, however, to 
estimate these values in the field with reasonable accuracy using visual-manual 
procedures (ASTM D 2488).  In addition, some elements of a complete soil 
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description, such as the presence of cobbles or boulders, changes in strata, and the 
relative proportions of soil types in a bedded deposit, can be obtained only in the 
field.   

Soil descriptions should be precise and comprehensive without being verbose.  
The correct overall impression of the soil should not be distorted by excessive 
emphasis on insignificant details.  In general, similarities rather than differences 
between consecutive samples should be stressed. 

Soil descriptions must be recorded for every soil sample collected.  The format and 
order for soil descriptions should be as follows: 

1. Soil name (synonymous with ASTM D 2488 Group Name) with appropriate 
modifiers.  Soil name should be in all capitals in the log, for example 
“POORLY-GRADED SAND.” 

2. Group symbol, in parentheses, for example, “(SP).” 

3. Color,  using Munsell color designation 

4. Moisture content 

5. Relative density or consistency 

6. Soil structure, mineralogy, or other descriptors 

This order follows, in general, the format described in ASTM D 2488.   

E. Soil Name 

The basic name of a soil should be the ASTM D 2488 Group Name on the basis of 
visual estimates of gradation and plasticity.  The soil name should be capitalized.   

Examples of acceptable soil names are illustrated by the following descriptions: 

• A soil sample is visually estimated to contain 15 percent gravel, 55 percent 
sand, and 30 percent fines (passing No. 200 sieve).  The fines are estimated as 
either low or highly plastic silt.  This visual classification is SILTY SAND 
WITH GRAVEL, with a Group Symbol of (SM). 

• Another soil sample has the following visual estimate: 10 percent gravel, 30 
percent sand, and 60 percent fines (passing the No. 200 sieve).  The fines are 
estimated as low plastic silt.  This visual classification is SANDY SILT.  The 
gravel portion is not included in the soil name because the gravel portion was 
estimated as less than 15 percent.  The Group Symbol is (ML).   

The gradation of coarse-grained soil (more than 50 percent retained on No. 200 sieve) 
is included in the specific soil name in accordance with ASTM D 2488.  There is no 
need to further document the gradation.  However, the maximum size and angularity 
or roundness of gravel and sand-sized particles should be recorded.  For fine-grained 
soil (50 percent or more passing the No. 200 sieve), the name is modified by the 
appropriate plasticity/elasticity term in accordance with ASTM D 2488. 
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Interlayered soil should each be described starting with the predominant type.  An 
introductory name, such as “Interlayered Sand and Silt,” should be used.  In addition, 
the relative proportion of each soil type should be indicated (see Table 1 for example). 

Where helpful, the evaluation of plasticity/elasticity can be justified by describing 
results from any of the visual-manual procedures for identifying fine-grained soils, 
such as reaction to shaking, toughness of a soil thread, or dry strength as described in 
ASTM D 2488. 

F. Group Symbol 

The appropriate group symbol from ASTM D 2488 must be given after each soil name. 
 The group symbol should be placed in parentheses to indicate that the classification 
has been estimated. 

In accordance with ASTM D 2488, dual symbols (e.g., GP-GM or SW-SC) can be used 
to indicate that a soil is estimated to have about 10 percent fines.  Borderline symbols 
(e.g., GM/SM or SW/SP) can be used to indicate that a soil sample has been identified 
as having properties that do not distinctly place the soil into a specific group.  
Generally, the group name assigned to a soil with a borderline symbol should be the 
group name for the first symbol.  The use of a borderline symbol should not be used 
indiscriminately.  Every effort should be made to first place the soil into a single 
group.  

G. Color 

The color of a soil must be given.  The color description should be based on the 
Munsell system.  The color name and the hue, value, and chroma should be given. 

H. Moisture Content 

The degree of moisture present in a soil sample should be defined as dry, moist, or 
wet.  Moisture content can be estimated from the criteria listed on Table 2. 

I. Relative Density or Consistency 

Relative density of a coarse-grained (cohesionless) soil is based on N-values (ASTM D 
1586 [attached]).  If the presence of large gravel, disturbance of the sample, or non-
standard sample collection makes determination of the in situ relative density or 
consistency difficult, then this item should be left out of the description and explained 
in the Comments column of the soil boring log. 

Consistency of fine-grained (cohesive) soil is properly based on results of pocket 
penetrometer or torvane results.  In the absence of this information, consistency can be 
estimated from N-values.  Relationships for determining relative density or 
consistency of soil samples are given in Tables 3 and 4. 

J. Soil Structure, Mineralogy, and Other Descriptors 

Discontinuities and inclusions are important and should be described.  Such features 
include joints or fissures, slickensides, bedding or laminations, veins, root holes, and 
wood debris.   
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Significant mineralogical information such as cementation, abundant mica, or unusual 
mineralogy should be described. 

Other descriptors may include particle size range or percentages, particle angularity or 
shape, maximum particle size, hardness of large particles, plasticity of fines, dry 
strength, dilatancy, toughness, reaction to HCl, and staining, as well as other 
information such as organic debris, odor, or presence of free product. 

K. Equipment and Calibration 

Before starting the testing, the equipment should be inspected for compliance with the 
requirements of ASTM D 1586.  The split-barrel sampler should measure 2-inch or 3-
inch O.D., and should have a split tube at least 18 inches long.  The minimum size 
sampler rod allowed is “A” rod (1-5/8-inch O.D.).  A stiffer rod, such as an “N” rod  
(2-5/8-inch O.D.), is required for depths greater than 50 feet.  The drive weight 
assembly should consist of a 140-pound or 300-pound hammer weight, a drive head, 
and a hammer guide that permits a free fall of 30 inches.   

IV. Attachments 
Soil Boring Log (Sample Soil Boring Log.xls) 

CH2M HILL Form D1586 and a completed example (Soil_Log_Examp.pdf) 

ASTM D 2488 Standard Practice for Description and Identification of Soils (Visual-Manual 
Procedures) (ASTM D2488.pdf) 

ASTM 1586 Standard Test Method for Penetration Test and Split-Barrel Sampling of Soils 
(ASTM D1586.pdf) 

Tables 1 through 4 (Tables 1-4.pdf) 

V. Key Checks and Preventive Maintenance 
• Check entries to the soil-boring log and field logbook in the field; because the 

samples will be disposed of at the end of fieldwork, confirmation and corrections 
cannot be made later.   

• Check that sample numbers and intervals are properly specified.   

• Check that drilling and sampling equipment is decontaminated using the 
procedures defined in SOP Decontamination of Drilling Rigs and Equipment. 
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q111 Designation: D 2488 — 00 

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure 

This standard is issued under the fixed designation D 2488; the number immediately following the designation indicates the year of 
original adoption or. in the case of revision. the year of last revision. A number an parentheses indicates the year of last r....wprovail. A 
superscript epsilon (SI indicates an editonal change since the last revision or reapproval. 

Thin standard has been appromed for use he agencies of the Department of Delenxe. 

1. Scope * 

1.l This practice covers procedures for the description of 
soils for engineering purposes. 

1.2 This practice also describes a procedure for identifying 
soils, at the option of the user, based on the classification 
system described in Test Method D 2487. The identification is 
based on visual examination and manual tests. It must be 
clearly stated in reporting an identification that it is based on 
visual-manual procedures. 

1.2.1 When precise classification of soils for engineering 
purposes is required, the procedures prescribed in Test Method 
D 2487 shall be used. 

1.2.2 In this practice, the identification portion assigning a 
group symbol and name is limited to soil particles smaller than 
3 in. (75 mtn). 

1.2.3 The identification portion of this practice is limited to 
naturally occurring soils (disturbed and undisturbed). 

Nom 1—This practice may he used as a descriptive system applied to 
such materials as shale. claystone, shells, crushed rock. etc. (see Appendix 
X2). 

1.3 The descriptive information in this practice may be used 
with other soil classification systems or for materials other than 
naturally occurring soils. 

1.4 The values stated in inch-pound units are to be regarded 
as the standard. 

1.5 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific 
precautionary statements see Section 8. 

1.6 This practice offers a set of instructions for performing 
one or more specific operations. This document cannot replace 
education or experience and should be used in conjunction 
with professional judgment. Not all aspects of this practice may 
he applicable in all circumstances. This ASTM standard is not 
intended to represent or replace the standard of care by which 

This practice is under the jurisdiction of ASTM Committee D-l8 on Soil and 
Rock and is she direct responsibility of Subcommittee D18.07 on Identification and 
Classification of Soils.  

Carroll edition approved Feb. 10. 2000 Published May 2000. Originally 
published as D 2488 - 66 T. Last previous edition D 2488 - 93". 

the adequacy of a given professional service must be judged, 
nor should this document he applied without consideration of 
a project 's many unique aspects. The word "Standard" in the 
title of this document means only that the document has been 
approved through the ASTM consensus process. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terminology Relating to Soil. Rock, and Contained 

D 1452 Practice for Soil Investigation and Sampling by 
Auger Borings' 

D 1586 Test Method for Penetration Test and Split-Barrel 
Sampling of Soils' 

D 1587 Practice for Thin-Walled Tube Sampling of Soils' 
D 2113 Practice for Diamond Core Drilling for Site Inves-

tigation' 
D 2487 Classification of Soils for Engineering Purposes 

(Unified Soil Classification System)" 
3740 Practice for Minimum Requirements for Agencies 

Engaged in the Testing and/or Inspection of Soil and rock 
as Used in Engineering Design and Construction)  

D 4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)" 

3. Terminology 

3.1 Definitions—Except as listed below, all definitions are 
in accordance with Terminology D 653. 

Nom 2--For particles retained on a 3-in. (75-mm) US standard sieve, 
the following definitions are suggested: 
Cobbles—particles of rock that will pass a I2-in. (300-mm) square 
opening and be retained on a 3-in. (75-mm) sieve, and 
Boulders—particles of rock that will riot pass a 12-in. (300-mm) square 
opening. 

3.1.1 day—soil passing a No. 200 (75-)tin) sieve that can be 
made to exhibit plasticity (putty-like properties) within a range 
of water contents, and that exhibits considerable strength when 
air-dry. For classification, a clay is a fine-grained soil, or the 
fine-grained portion of a soil, with a plasticity index equal to or 
greater than 4, and the plot of plasticity index versus liquid 

Annual Bauk of ASTM Standards, Vol 04.08. 
Annual Ropk of ASTM Standards. Vol 04.09. 

*A Summary of Changes section appears at the end of this standard. 
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~~l~ Designation: D 2488-00 
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Procedure)1 

Th" 'Llndard IS "'u~d un<kr the th.:d d.;,agnauon 0 24~!>: the number unmcd1atd} f<,llo,.,ng the d~,tgnauon imhcatc- the year of 
on~m.al adopuon or. an the case of rc' "'on, the year of la,t rC\a,ion. A number an parcnthe<c- indi(Jt~' the ~car 1>f last r.:-dpproval. A 
'upcr>cnpt epsilon (E) mdacat~ an cdJtonal change "nee the la:.t rc\l~lon or rcappro,al 

I. cope • 
I Thts pracuce covers procedures for the descnpuon of 

soils for engmecnng purposes 
I 2 Thts pmcuce also descnbcs a procedure for tdcnttfYing 

sotls, at the optton of the user. based on the classtficatton 
system described m Test Method D 2487. The tdenuficatton ts 
based on vtsual examination and manual tests. It must be 
clearly stated m reporting an tdcntification that tt ts based on 
visual-manual procedures. 

I 2. I When prectse classtficatton of sotls for engmccnng 
purposes IS reqUired, the procedures prescnbcd m Test Method 
D 2487 shall be used. 

I 2.2 In thts pmctice. the identification portton asstgnmg a 
group symbol and name ts limited to soil parttclcs smaller than 
3 tn (75 mm) 

I 2.3 The tdcnufication port tOn of this practtce ts ltmttcd to 
natumlly occumng sotls (disturbed and undtsturbed) 

:-.;on I ThiS pructace may be u~ed a~ a descnpti\ic sy:.tcm uppltcd to 
such matcnal., as shale. claystone. shell~. crushed rock, etc. (sec Appcndtx 
\21 

1.3 The descnptive mfonnation in tht., pmcticc may be used 
with other sot! classtficatton systems or for matenals other than 
naturally occurring soi ls. 

I .4 The \'alues stated m mch-pound untts are to be regarded 
as the standard. 

I .5 This standard does not purport to address all of the 
safety pmhlems. i(tm}', associated with its use. It is the 
responsibility of the user of this standard to establish appro
priate sa/Cty and health pracltces and determmc the applica
bility of rL"gulaton limitatwns prior to use For spectfic 
precautional) statement!> see Sectton 8. 

I 6 Tlus prac/lce open a ~et of mstructions for per/imnmg 
one or more .~pect{it operattons. This doCitlllL'III cannot replace 
education or eTpenence and .,/wuld he used m COI1JI111Citon 
with professional judgment. Not all aspects of this practice may 
he applicable in all circumstances This AST.H standard i.~ not 
imended to represent or replace the standard of care h~· which 

1 Th1' pra<lacc 1'> under I he JUnsdacllon of ·\ST\1 Commutcc D-1 R on Soal and 
Rod and" the darccl r<"f'll""blluy ofSub<ornmanc.: 018 en on tdcnlalication and 
C),.,.,lticauon of So1l' 

Current <'<lllhJO appr,l\ed Feb. 10. 2000 Publl,hcd 'Ad~ 2()1)() Onganall~ 

publl,hcd ._, D 24SH tot• T. Lasl P''" aous cd1li<Jn 0 24\~ 9l' 1• 

the adequa(y of a gtn'n professicmal wnkt must be JUdged, 
nor should tlus documem he applied ~'it how cmmderution of 
a project\ manv umque aspects. The word 'Standard" in tlw 
111le of this document means on~v that the document has heen 
apprm·ed through tlw AST\-1 con.wmus process. 

2. Referenced Documents 

2 I AST\1 Standard<t 
D 653 Terrmnology Relating to Sot!. Rock. and Contained 

Flutds" 
D 1452 Practtce for Sot! lmesttgation and Sampling by 

Auger Bonngs2 

D 1586 Test 'v1ethod for Penetmtion Test and Spht-Barrel 
Sampling of Soils· 

D 1587 Practtce for Thm-Walled Tube Samplmg ofSotls' 
D 211 3 Practtce for Dtamond Core Dnlltng lor Stte lnves

ugation1 
D 2487 Classtficatton of Sotls for Engineering Purposes 

(Untfied Sot! ClasstficatLOn System)2 

D 3740 Practice for Minimum ReqUirements for Agenctes 
Engaged tn the Tesung and or Inspection of Sot! and rock 
as lJ~ed in Cngmeenng Destgn and Constructton3 

D 4083 Pracuce for Descnptton of frozen Sotls (Visual
Manual Procedure)2 

3. ferminolOg) 

3.1 Definitions-Except as ltsted below. all definttions are 
tn accordance wtth Tenmnology D 653 

"'- . t 2 For pantclc:. n:t:uned on a 3-tn. (75-mm) LS standard \IC\c, 
the foliO\\ mg dcfiniuons arc suggc:.ted: 
Cahhfe.~ panicles of rock that wtll pa:.~ a 12-m. (300-mm) squar.: 
opcmng and be rcttuncd on a J-m. (75-mm) ~teve. and 
Boulclas panacles of rock that will not pas' a 12-111 (300-mml squar.: 
open mg. 

3. 1.1 clur soil passmg a No. 200 (75-ll.tn) ste\e that can be 
made to exhibn plasticity (putty-ltke propentes) wnhm a range 
of water contents, and that exhibtts constderable strength when 
air-dry. For classtficatton, a clay tS a fine-grained sot! . or the 
fine-gmined port tOn of a sot!, wtth a plasllctt} tndex equal to or 
greater than 4, and the plot of plasttctty mdex versus liqUid 

2 .~mrual &x•A o/ .!ST\1 St.md.ml•. \ot C).tll\. 
' Annual &wA <•I , IST\1 Stat•lard•. \ol 04.1l'l 

* \ Sum mal') of Changes section appean at the end of this standard. 
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limit falls on or above the "A" line (see Fig. 3 of Test Method 
D 2487), 

3.1.2 gravel—particles of rock that will pass a 3-in. (75-
mm) sieve and be retained on a No. 4 (4.75-mni) sieve with the 
following subdivisions: 

coarse—passes a 3-in. (75-mint sieve and is retained on a 
(19-mm) sieve. 

fine—passes a 1/4-in, (19-mm) sieve and is retained on a No, 
4 (4.75-mm) sieve. 

3.1.3 organic slat—a clay with sufficient organic content to 
influence the soil properties. For classification, an organic clay 
is a soil that would be classified as a clay, except that its liquid 
limit value after oven drying is less than 75 % of its liquid limit 
value before oven drying. 

3.1.4 organic silt—a sib with sufficient organic content to 
influence the soil properties. For classification, an organic silt 
is a soil that would be classified as a silt except that its liquid 
limit value after oven drying is less than 75 % of its liquid limit 
value before oven drying. 

3.1.5 peat—a soil composed primarily of vegetable tissue in 
various stages of decomposition usually with an organic odor, 
a dark brown to black color, a spongy consistency, and a 
texture ranging from fibrous to amorphous. 

3.1.6 sand—particles of rock that will pass a No. 4 (4.75-
mm) sieve and be retained on a No. 200 (75-pm) sieve with the 
following subdivisions: 

coarse—passes a No. 4 (4.75-mm) sieve and is retained on 
a No. 10 (2.00-mm) sieve, 

medium—passes a No. 10 (2.00-mm) sieve and is retained 
on a No. 40 (425-pm) sieve. 

fine—passes a No. 40 (425-pm) sieve and is retained on a 
No. 200 (75-pm) sieve. 

3.1.7 silt—soil passing a No. 200 (75-pun) sieve that is 
nonplastic or very slightly plastic and that exhibits little or no 
strength when air dry. Forclassification, a silt is a fine-grained 
soil, or the fine-grained portion of a soil, with a plasticity index 
less than 4, or the plot of plasticity index versus liquid limit 
falls below the "A" line (see Fig. 3 of Test Method D 2487). 

4. Summary of Practice 

4,1 Using visual examination and simple manual tests, this 
practice gives standardized criteria and procedures for describ-
ing and identifying soils. 

4.2 The soil can be given an identification by assigning a 
group symbol(s) and name. The flow charts. Fig. la and Fig. lb 
for fine-grained soils, and Fig. 2. for coarse-grained soils, can 
be used to assign the appropriate group symbols) and name. If 
the soil has properties which do not distinctly place it into a 
specific group, borderline symbols may be used. see Appendix 
X3. 

Non. 3 It is suggested that a distinction be made between dual 
symbols and barrkrline s3 abuts. 

Dual Simbol -A dual symbol is two symbols separated by a hyphen. 
for example. GP-GM, SW-SC. CL-ML used to indicate that the soil has 
been identified as having the properties of a classification in accordance 
with Test Method D 2487 where two symbols are required. Two symbols 
are required when the soil has between 5 and 12 % tines or when the liquid 
limit and plasticity index values plot in the CL-ML. area of ihc plasticity 
than 

2 
Cogorgre ABTA kibtriele041 
Roormitacoa by 1 under bl1Wcla rob AVIA 
Na rool000mon orniwoOore osoNtlad othoul 'moose No,,,  HIS 

Borderline Symhol—A borderline symbol is two symbols separated by a 
slash. for example. CUCI-1. GM/SM, CLIML. A borderline symbol should 
he used to indicate that the soil has been identified as having properties 
that do not distinctly place the soil into a specific group (see Appendix 
X31. 

5. Significance and Use 

5.1 The descriptive information required in this practice can 
be used to describe a soil to aid in the evaluation of its 
significant properties for engineering use. 

5.2 The descriptive information required in this practice 
should be used to supplement the classification of a soil as 
determined by Test Method D 2487. 

5.3 This practice may be used in identifying soils using the 
classification group symbols and names as prescribed in Test 
Method D 2487. Since the names and symbols used in this 
practice to identify the soils are the same as those used in Test 
Method D 2487, it shall be clearly stated in reports and all 
other appropriate documents, that the classification symbol and 
name are based on visual-manual procedures. 

5.4 This practice is to be used not only for identification of 
soils in the field, but also in the office, laboratory, or wherever 
soil samples are inspected and described. 

5.5 This practice has particular value in grouping similar 
soil samples so that only a minimum number of laboratory tests 
need be run for positive soil classification. 

Nun- 4 The ability to describe and identify soils correctly is learned 
more readily under the guidance of experienced personnel, but it may also 
he acquired systematically by comparing numerical laboratory test results 
for typical soils of each type with their visual and manual characteristics_ 

5.6 When describing and identifying soil samples from a 
given boring, test pit, or group of borings or pits, it is not 
necessary to follow all of the procedures in this practice for 
every sample. Soils which appear to be similar can he grouped 
together: one sample completely descnbed and identified with 
the others referred to as similar based on performing only a few 
of the descriptive and identification procedures described in 
this practice. 

5.7 This practice may be used in combination with Practice 
D 4083 when working with frozen soils. 

Non 5—Notwithstanding the statements on precision and bias con-
tained in this standard: The precision of this test method is dependent on 
the competence of the personnel performing it and the suitability of the 
equipment and facilities used. Agencies that meet the criteria of Practice 
D 3740 are generally considered capable of competent and objective 
testing. Users of this test method are cautioned that compliance with 
Practice D 3740 does nut in itself assure reliable testing. Reliable testing 
depends on several factors; Practice 13 3740 provides a means for 
evaluating some of those factors. 

6. Apparatus 

6.1 Requiird Apparatus: 
6.1.1 Pocket Knife or Small Spatula. 
6.2 Useful Auxiliary Apparatus: 
6.2.1 Small Test Tube and Stopper (or jar with a lid). 
6.2.2 Small Hand Lens. 

7. Reagents 

7 .i Purity of Miter—Unless otherwise indicated, references 
to water shall he understood to mean water from a city water 

1,consoo.C1-01.1NIVSNOONIOD1, lisor-Carlor bar 
Not 03,R...ft 015047005 08.22.55 MEIT 
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lnnit tails on or abmt: the",\'' line (see Fig. 3 of Test 'vlethod 
D 24S7). 

3.1.2 l!ran•/- particles 111 rock that '~•ll pass a 3-m (75-
mm) s1e' e and be retamed on a 1\o 4 ( 4 ~5-mm l siew '~ 1th the 
lilll\1\\ lnl! subdl\ 1~1ons· 

co.1ne- pa~-.t!-. a J-in . (75-mm) sieH~ and is rctained on a 
".a-111. l I Q-mm l ~It:\ t.: . 

fiw--pa-,..-,..es a }~-in . ( 19-mm) sieYe and is retained on a 1\o. 
4 (4.75-mm) sie,·e. 

J . I .J OIJ:OIIIC ch11 a cla\ ,.,ith sufficient orgamc content to 
mlluem:e tile soli propenies. For classificatiOn, an orgamc clay 
is a soli that would be cl;Jsslfied as a cla). e'\cept that 1ts liqUid 
lumt value atler O\'en dl)'lllg IS less than ~<; "of its liqu1d limit 
'alue hcti.m: 0\ en dry mg. 

:UA ol)!umc si/1 - a silt \\ith sutllciem organic contclll to . 
mfluencc ·he soli propertu:-,... For classification. an organic silt 
Is a S11il that would be classified as a -,..ill e\cept that its liquid 
lim II value a tier O\en drpng is less than 75 % of lis liqu1d lumt 
value hefor.: oYen dry111g. 

3.1.5 pl'at a soil composed primarily of Yegctahh: !Issue 111 
'arious stages of decomposition usually with an orgamc odor. 
a dark bro'' n to black color, a spongy consistency. and a 
lc!\ture ranging from librous to amorphous 

3.1.6 "'~"-particles of rock that w11l pass a l'\11 . 4 (4 "'"
mml sie\e and be retained on a 'o. ~00 175-~·n) sieYe with the 
Jnllow mg o.;ubdl\ IS lUllS 

£'1/arse-- passes a 1\o. 4 (4 75-mm) s1eve and is retauH:d on 
a '-o. 101~00-mm) ~IC\e . 

m£"dmm- pas-,..e~ a No. I 0 (~.00-mml s1eve and 1s retained 
on a No. 40 (425-~un) s1eve. 

}111e- pa~~es a '\o. 40 (4~5-~nl sle\'e and is retained on a 
r-:o. ~00 1~5-~un) s1evc. 

3 . I. 7 ~lit soli passmg a o 200 ( 75-).lm l sic' c that 1s 
nonplnsllc or' cry shghtl} plastic and that c'\hib•ts little or no 
strength \\hen air dry. I or· class1licat1on. a silt is a line-grained 
soli, or the line-gramed portiOn of a soli. with a plasticity indc\ 
lcs~ than 4. or the plot of plasUCII) mde\ versus llqwd lumt 
!hils bel<m the .. \" hne (see II g. 3 of Test .\1ethod D 24g7 ). 

4. ~ummar~ of Practice 

4 1 L~mg Hsual exammation and simple manual tests, th1s 
practice g1ves standardized cnteria and procedures for dcscnb
lng and ident1fymg so1ls. 

4.2 The soli can be g1ven an 1denuticauon by ass1gning a 
I! roup S) mbol(s) and name rhe fhm chan-.. r •g. I a and Fig. I b 
for tinc-!!ra111cd soils, and Fu!. 2. lor coarse-1muned soils. can 
be used~' ass1gn the appropr~atc gn1up S\'mhul(s) and name. If 
the soil has properties which do not distinct() place it into a 
spccilic group. borderline symbols may be u'ed, see Append1x 
X3. 

~-:It t J It " 'u!!gcst.:d 1hat a Ol'ollm:lion be made bc1wccn dual 
n'lllhol< .1nd hordl'rliu.: H'/llho/1 

nu,tl S111tbo/ A dual symb,,l " t\\ o 'ymb..lls separated hy a h~ ph en. 
for C\amplc. GP-G\t. S\v <;(.', CL.-\IL t~>cd to tndu:alc that the so1l has 
been ldi!OIIficJ 3\ ha\tng lhe Jlr<lpcntC\ or a da,stfil~diiOO Ill a~cordanl'C 
"uh lest \klhod D 24X7 "here '" u ') rnbots arc rcqu1rcd '(\HI ') mbub 
.trc rc4u1r~d "h.:n the ,otl h.ts ~1\\c~n 5 and I~ 0 o lin.:-m \\hen lh.: h4uid 
hm11 .1nd rt:t,ll~ll)' mdc' values plot m 1hc CL· \11 arc3 of thl· pt.tslt~:ity 
dtJn 

Cclw'll'>' "'s"" w..--1 
R~ bV 1HS undet r.e...., tn ASTM 
fr"'•) •~arnotwot\ll"'g~""tflQL.ot&lc:enH"<wfti'tS 

2 

8oruerune Srmho/ ,\ hMJcrhnc ~ymh(lll' l"ll ')mbols scraratcd b) a 
sta,h. for c\amph:. Cl.ill I (,1\t S\1 , ('lJ.\11..,\ bordcrhnc s}tnllnl>lwuld 
~ u,~d to mdlcatc that I he ""' h," hccn tdcntllicd '" ha\ 111£ rrup.:ntc' 
lhal du lllll di,IIOCII) rtacc the S(ltl llllll a spccllic grour (sec Arpcndl\ 
'\~I 

5. c..;igni fica ncc and l ~e 

5.1 rhe descnpll\ c llllonnation reqUired in this practice can 
be used to describe a soil to aid 111 the C\aluallon of lb 
s1gmticant properties for engineering use 

5.2 The descnptl\e Information requ1red 111 this practice 
should be used to supplt:ment the class1lica11on of a sod as 
dt!termined b\ Test Method D 24~7. 

5 ~ Th1s p~acuce ma>, be uscd 111 1dentifymg soils using the 
dass11ication group S) mbols .md names as prescrihed in Test 
~1ethud D 24!\7. Smce the name-,.. and s)mbols uscd 111 th1s 
practice to identll} the soils are the same as those used 111 Tc.,t 
~kthod D 24S7, 11 shall be dearly stated 111 reports and <111 
other appropnate documents. that the cla-,..sl!icauon svmbol and 
namc arc based on v1sual-manual procedures. 

5.4 Th1s pract1cc IS to be used not only for 1dentilicallon of 
soils in the field. but also in the ollice. laboratory, or \\here,er 
~oil samples are mspccted and described. 

5.5 This practice has part1cular \·aim! in grouping s1milar 
-.oil ... ample' '>0 that on I" a mmimum number oflabumtory tesh 
need he nm for poslll\e soil dassil1cauon. 

:\•lfl -l Inc JOihl) In dc,cnbc und 1dC1II if} so1b corrc<.:lt) " lc.1mcd 
more r•~tdtly under the t~utJanc.: ut cxr.:ricm:cd personnel, hul II m;ty ·'''" 
be :t.:quircd ') stcmattcally hy compartn~ numcm:al tahorahl~ lest result s 
fort) ru:al """ 11f each lyre "nh then '1suat and manual chamclcn,u.:s. 

S.h \\'hen describmg and idenut)1ng soli ~amplcs from 11 

gi,en bonng, test pit, or group of bonngs or pHs. 11 is not 
necessary 10 foliO\\ all of the procedure~ m this practice for 
e\ ct')' o,ample. <:;oils '' hich appear to be sumlar can be grouped 
togcther: one sample complctd)' dcscnbed and 1denutied \~llh 
the othcr~ rclerred to as sumlar based on perfonnmg on I> a Jew 
of the dcscripll\ c and Identification procedure~ descnbed m 
this practice 

5.7 Th1s pract1ce may be used 111 combmation \\ ith Practice 
D 41lH3 when workmg with lhven \Oils. 

~on. 5 :-/otwithslanding the SlliiCtnCOIS lin rrcc i; loll und hllh con
L1incJ m lhts ;.tand<ml: The prcci,ion ,,f th1.., h:~t method is dcpcndcn1 on 
the wmpctcn~c or the pct'onncl pcrfonmng 11 and thl· sullabihty ul the 
equ1rmcn1 .md f<ICitiucs used . ,\gcndl'S tha1 mcc1 the crucna ur l'racucc 
D J740 urc l!!cncralty consid.:rcd capable ot .:ompctcnl .md nhtcdl\c 
tcsllng. t.:sct' \ll lhis test n11:1hod .trc caulll101!d thai complmncc wuh 
Pr:1cllcc [) 374tl docs n<ll 111 iL'i<:lfa"urc rchnbk tc ... ung. Rd1ahlc t~-stmg 

depends on ,c, cml factt~rs: Pract1cc D .\740 Jlfll\'ld.:, a 1n.:.ms for 
C\. tuatm<: -.umc nf tho'c t:lciOr,. 

6. \pparatu~ 

o.l Rl!cfulred Apparatus 
6. I . I Pockel Kni/i! or \·mall Spa111/u. 
6.~ Useful 1uxiliary Apparall/1· 
6.2 I ~mall Tt!st 7ithe and S!oppcr (or jar v.ith a lid). 
6 2 ~ Small /land L('/1\. 

7. Reagent~ 

., I Pun1_1 of 1~£/ler-Unless othcn' ise 111dicatcd, rdi:rences 
to '' ater shall be understood to mcan water !rom a Cll) water 

uc.na..<-HZM ~e80458CIOI . lhl.,..~t Lilla 
Not lor- Ol!o0</?00$ 01 22 $& "OT 
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GROUP SYMBOL 	 GROUP NAME 

CL 

33% plus No. 200 •-••-•-__ 	• 15% OA No. 200 	  
15.25% plus No. 200 	s. %sand .14 retell 

% sand <% yard —0- 
% sand L.% of gravel 	  <15% yam' 

.230% pout No 200 	 151r. gravel 

% sand % grave 	 <15% sand —0- 
k15% sand 

Lean clay 
Lean day with sand 
Lean clay with gravel 
Sandy lean clay 
Sandy lean clay with gravel 
Gravelly lean day 
Gravelly lean day with sand 

ML 

CH 

<15% plus No. 200 	  <30% plus No. 2'00 	  
15-25% plus No, 200 	 

% sand 2% 01  rovil 
23o% Piss No. 200

% 
 

sand <46 Ohm' 

Silt 
% sand gravel —P. Slit with sand 
% sand <% gravel —0- Sill with gravel 
<16% grand —IP. Sandy all 
2:15% gravel —a...Sandy silt with gravel 
<15% rand 	 Gravelly sill 
Z15% sand 	 Gravelly sift with surd 

<30% plus No. 200 	  <15% plus No. 200 	 a Fin clay 
15-25% plus No. 200 	0 % sand 2% ravel 	Fat clay with sand 

% sand <% gravel 	Fat clay with ravel 
% sand Z-% of gravel 	 ►  <15% gravel --11".  Sandy fat clay 

>30% plus No. 200 	 av 215% Wood 	 *. Sandy fat clay with grave 
% sand <IS gravel 	 <16% sand --la. Gravelly fat clay 

1514 sand 	 Gravelly fat day with sand 

MH 

Elastic silt 
Elastic sift with sand 
Elastic silk with gravel 
Sandy elastic sift 
Sandy elastic sift with gravel 
Gravelly elastic Wit 
Gravelly elastic silt with sand 

<30% plus No. 200 <15% plus No 200 	  
15-25% plus No 200 	a % sand Z% gravel —in• 

% sand <% gravel ---e. 

210% plus No. 200 	
% sand es of gravel 	 ►  <is% raves 

am% gravel 
% sand <% gravel 	  <15% sand 

ais% said 
NOTE 1—Percenlages are based On estimating amounts of fines, sand. and gravel to the nearest 5 % 

FIG. la Flow Chart for Identifying Inorganic Fine-Grained Soil (50 % or more fines) 

GROUP SYMBOL GROUP NAME 

    

OL/OH 514: <9616 gerrari-.-inal 
<15% gravel 
Z15% gravel 

sand <is pass, 	  <15% sand 
Z1514 sand 

<30% plus No. 200 	►  <15% plus No 200 	 
15.25% pin No 200 

2.30% plus No. 200 	
% sand Z.% gravel 	  

Organic toil 
Organic toil with sand 
Organic sod with gravel 
Sandy organic soil 
Sandy organic soul with gravel 
Gravelly organic toil 
Grawilty organic soil with sand 

NOTE 1—Percentages are based on estimating amounts of fines, sand. and gravel to the nearest 5 %. 

FIG. 1 b Flow Chart for Identifying Organic Fine-Grained Soil (50 % or more fines) 

supply or natural source. including non-potable water. 
7,2 Ilydrocidoric Acid—A small bottle of dilute hydrochlo-

ric acid, Ha. one part 1-1C1 (10 N) to three parts water (This 
reagent is optional lbr use with this practice). See Section 8. 

8. Safety Precautions 

8. 1 When preparing the dilute HCI solution of one part 
concentrated hydrochloric acid ( 10 N) to three parts of distilled 
water, slowly add acid into water following necessary safety 
precautions. I landle with caution and store safely. If solution 
comes into contact with the skin, rinse thoroughly with water. 

8.2 Caution—Do not add water to acid. 

9. Sampling 

9.1 The sample shall be considered to be representative of 
the stratum from which it was obtained by an appropriate, 
accepted. or standard procedure. 

Noll- fi -Preferably. the sampling procedure should be identified as  

having been conducted in accordance with Practices D 1452. D 1587, or 
2113, or Test Method D ISM. 

9.2 The sample shall be carefully identified as to origin. 

Non 7 —Remarks as to the origin may take the form of a boring 
number and sample number in conjunction with a job number, a geologic 
stratum, a pedologic horizon or a location description with respect to a 
permanent monument. a grid system or a station number and offset with 
respect to a stated centerline and a depth or elevation. 

9.3 For accurate description and identification, the mini-
mum amount of the specimen to be examined shall be in 
accordance with the following schedule: 

Maximum Particle Size. 	 Minimum Specimen Size, 
Sieve Opening 	 Dry Weight 

4 75 mm (No 4) 	 100 g (0.25 lb) 
9_5 me, 	in.) 
	

200 g (0.5 lb) 
19.0 mm (1. 	) 
	

1 0 kg (2.2 lb) 
38.1 mm (11/2  in.) 
	

8.0 kg (18 lb) 

1." mm43 in,) 
	

50.0 kg (132 1b) 

'fight aSTM lie rns0..ui 
	 3 

ithiaia W HS arc snnsa tiblASTIO 
	 boinserit,424 Nia5000450001. LINgr'CLUK. Lea 

IXOCSUChOn or nes...wog ingmlik0 wd,sout 4cansir MAI MS 
	

Nat kw resale. 00)44035 COW 54 MDT 
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GROUP SYMBOL GROUP NAME 

< 
< 30% plus No. 200 ~ < 15" plus No 200 Lean clay 

-._. 15·25" plus No. 200 -==::::::::::::"sand ~" 1f8Vtl - lean clay woth tand 
CL "unci < " grrHI- Lean clay woth •••ef 

"sand :2:" of,, .. ., -=::::::::::::: < 15" .,..,., s.ncty IQn clay 
:2:30% plus No 200 ~15" lfrHI s.ncty lean clay wrth .,..,,, 

"sand < " trntl ~ < 15" sand Gre ... tty tun day 
----._ ~15" sand Grawelly lean city wrth sand 

< 30% plus No. 200 ----=:::::::::: < 15" plus No. 200 Silt 

< 15·25" plus No. 200 -==::::::::::::"sand :2:" grewet- Slit with sand 
ML "sand < " grnef-Soh with lftwel 

" tand > "of.,..,., -=::::::::::::: < 15" 1f8Wtl Sandy slit 
2 30% plus No. 200 ~15" lfawel Sandy tilt woth 1ft¥tl 

"sand < " •••ef-=:::::::::::: < 15" tand Gravelly tilt 
:2::15" tand Grewtty tilt wrth sand 

< 
< 30% plus No. 200 ~ < 15" plus No. 200 Fat clay 

--- 15-25" plus No. 200 -==::::::::::::"sand~ gra ... t -Fat clay with tand 
C H "sand < " lfa ... t-ftt clay with 1fawet 

"sand > "of lftwel ~ < 15" lftnl Sandy fat clay 
2 30% plus No. 200~ - --- ,;:::15" gta..t Sandy fat clay woth grawel 

----- "..nc:t < "gram ~ < 15" tand Gr .. elty fat clay 
----~ 15" sand Gravelly ftt clay woth sand 

< 
<30% plus No. 200 ~ < 15" plus No. 200 --------------Elastic lilt 

---_ 15-25" plus No. 200 ~ " tand ~" gtawtl- Elastic solt wrth sand 
MH --- "tand < " gtawel- Elastic 11h woth trawet "..nc:t ~of tra..t ~ < 15" .,a..t Sandy elastoc solt 

> 30% plus No. 200 ---~15" lfawel Sandy elastic 1111 witt> gtawel 
- "sand < " .,.,., ~ < 15" sand Gravelly elenic soli 

---,;:::15" sand Gra ... tty elan1c silt with sand 

NOTE !-Percentages are based on esttmaung amounts of fines sand. and gravel to the nearest 5%. 
FIG. 1a Flow Chart for Identifying Inorganic Fine-Grained Soil (50% or more flnes) 

GROUP SYMBOL GROUP NAME 

< < 30% plu> No 200 -=::::::::::::: < 15" plu> No 200 Ortanoc 10ol 
15·25" plu> No 200 ~ "sand~" trtwt Ore-noc 1011 woth sand 

OL /QH ~"sand <" trowel - Or .. niC 10ol w1th grewol 
_--"sand~" grntl -~=------< .... < 15" growol Sandy organiC oool 

~30% plus No. 200--- ----._ ~15" grewef ----• Sandy organoc 10~ woth growot 
">and < " grewet ~ < 15" sand GrneHy organic 1011 

----~15" send Growotly OftaftiC 1011 with sand 

NOTE 1-Percentages are based on es~matong amounts of fines, sand. and gravel to the nearest 5 %. 

FIG. 1 b Flow Chart for Identifying Organic Fine-Grained Soil (50 % or more fines) 

suppl~ or natural "ource. mcludmg non-potable \\ater. 
7.'!. 1/nlmchlonc -loci \small houle of dilute h)drochlo

m: a~:td II( I. one pan IICI (I 0 \1 to three pans '' ater (This 
reagent t' optional tor usc \\ tth thts practice). Sec Sect ton X. 

8. Safct~ J>rccautions 
X. I \\hen prepanng the dilute IICI solution of one part 

concentrated hydrochloric acid ( IU ,\)to three pans ofdisttlled 
water. siO\\ I) add acid into water following necessary safely 
prccautllln~ . llandle \\ 11h cauuon and store safely. If solution 
comes tnlo contact wtlh the -.;ktn, rinse thorough!~ "tlh watet 

8.2 ( aution Do not add water 10 actd. 

9. ~umpling 

9.1 The sample shall be considered to he reprc~cntall\ e of 
the stratum !rom "htch tl "as obtained b~ an appropriate, 
accepted, or standard procedure. 

~o ~ b l'rckr.1bly. the ~amphn!l pro.:cdurc 'hould h.: 1dcnt1tlcd <Js 

oghiASTMI-:>d..:od .. IHS ___ ASN 

·~ort or nrlt~"'G'*"'n.d~ _....tromiHS 

3 

ha\mg been condu,·u:d m ao.:cl>rdancc \lillh Practice' 0 1452. D I '~'7, or 
D 21 I 3. \>r Tc,t \lethod [) '5'\t> 

9.~ J'he 'ample shall be carefully identified as to origin. 

1\nn. 7 Remark' '" to the or1g1n may take th<' fom1 of .1 bonng 
number Jnd ,,tmplc number m conJunction \\llh a toh number. a gculog11: 
stratum, a pcd\•log1c hon/on or a loe:llll>n de,o:npuon "tth respect to ,, 
pcnnancnt nl<lnumo:nl, a gnd system or 11 'tal1on numlx'f and other \\ tth 
rc,pcc;t to n 'tatcd centerline and a depth or dc:\dllt>n. 

9.3 For accurate descnptton and idcmification. the mint
mum amount or the spectmen 10 be examined shall be in 
a~:cordance \\ ith the l'ollowrng schedule: 
Ma~omurl p, rto 1e Soze 

Soave Opening 

475mm (N:> 4 ) 
95mm (~ m ) 

t90mm (~ m) 
38.1 mm(I V.. on ) 
75.0 mm (3 1n.) 

~ H<ll$860058001 UM<>Catla< u .. 
Nol"" Res&>o OM).<~ oen 5e .. or 

M1nomum Speomen S•ze. 
Dry Wetghl 

100 g (0 25 lb) 
200 g (0.5 lb) 
1 0 kg (2.2 lb) 
80 kg ( 181b) 
60 0 kg (132 lb) 
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GROUP SYMBOL 
	

GROUP NAME 

Pieligradad 	 

Poorly graded 

Weltoradad 

	  r. TS% WOO 	 Pioll-rooled gravel 
----0,;:0511, 	 Weloraded growl with send 

	G P — 	- 	--. 15% land ---a• Foote graded gravel 
75% send — 	Poorly graded gravel with sand 

send —a- Well-toraried graver with silt 
sand 	Well-gradad waiver with silt and land 
Send 	Wall-graded gravel with clay 
sand --a- Wall graded g 	I with clay and sand 
sand —or Panty graded "revel with Ills 
sand —11. Poorly graded gravel with ails and .and 
Send —0 Poorly graded gravel with error 

finatallAL Of TAN ty—sa GP-GIVI Pearly graded 	  

line-CL Or CM 

lows•PAL en 1011 

loorr•CL Of CM 	 GW-GC 

<15% 
Z15% 
	we <15% 

sand 	Poorly graded gruel with clay and sand 

 	lenerthill. or   <15% sand --le• Silly grand 
215% sand — Silty revel with sand "15% lines 

r.5% fares 

	

Ilineetl or C14 GC 	 tv• <.15% sand -- 	Clayey Waled 
>75% land —a. Clayey gravel with sand 

Wellrgradad 	 r SW 	 r G1s% gravel 	Welloradard sand 
2.15% gravel —. Will- 	wind with gravel 

Poorly waded 	 SP 	 <15% gravel —is• Poorly graded sand 
gravel —a. Poorly graded sand with gravel 

SAND 
% tiered 
% yawl 

rings-ML or MR —o• SW" S NI-___________: <15% grew' -- •••• 

Well-gradad. 
linars•CL Or CM SSW-SC 	   -- 	1." . .:115511. 0,911.1  ---".. 

10% lines 	 .• 
frnesakL o MN --S p- s m 	 -:

2.
. 

1 %  g
m
el-

-  poodvrad.d. 	
„:15% 

 
gravel --o. 

finol•CL or CFI 	 SP-SC —, 	..-..15-4s,..., —.- 
trawl — 

orSM 	 •• 15% growl •—er• Silly wog 
15% gravel 	Silly land ooth gravel 

w SC 	 < 15% w Ann,  —in Crewel sand 
:.•1514 gravel 	Orate sand with ravel 

liros•OAL or MN— 
2115% lien — 	  

lines•CL or CM — 

Well waded sand voter sill 
Welloraded send with sill and gravel 
Well-graded vend with clay 
Welk redo' sand with clay and gravel 
Poorly graded sand with pit 
Poorly graded sand with sill and gravel 
Poorly graded land with clay 
Poorly eroded sand with clay and graver 

NOTE —Percentaees are based oil estimating amounts of fines. sand. anti gravel to the nearest 5 %. 
FIG. 2 Row Chart for Identifying Coarse-Grained Soils (less than 50 % fines) 

NI /1F 5--If random isolated particles are encountered that an: signifi-
cantly larger than the particles in the soil matrix. the soil matrix can be 
at:cannel) described arid identified in accordance with the preceeding.  

schedule 

9.4 If the field sample or specimen being examined is 
smaller than the minimum recommended amount, the report 
shall include an appropriate remark. 

10. Descriptive Information for Soils 

10.1 Angularity—Describe the angularity of the sand 
(coarse sizes only). gravel, cobbles, and boulders. as angular, 
subangular, subrounded, or rounded in accordance with the 
criteria in Table I and Fig. 3. A range of angularity may' he 
stated. such as: subrounded to rounded. 

10.2 Shape—Describe the shape of the gravel, cobbles, and 
boulders as flat. elongated, or flat and elongated if they meet 
the criteria in Table 2 and Fig. 4. Otherwise, do not mention the 
shape. Indicate the fraction of the particles that have the shape, 
such as: one-third of the gravel particles arc flat. 

TABLE 1 Criteria for Describing Angularity of Coarse-Grained 
Particles (see Fig. 3) 

DeScnOton 	 Criteria 

Angular 
	Particles have sharp edges and relatively plane sides Mb 

unpolished surfaces 
Subanguiar 
	Particles are similar io angular description bul have 

rounded edges 
Subrounded 
	

Particles have nearly plane sides but nave well-rounded 
corners and edges 

Rounded 
	

Particles have smoothly curved sides and no edges 

4 
Cooynohl sSTl,r Inirnol000. 
Ropoolpool by MS wider lgAr120 MIS rthllvi 
Nn loPoili,c-tor• a •moloOltoo permdllol wilt.,! h....or.. /is 

10.3 Co/or—Describe the color. Color is an important 
property in identifying organic soils, and within a given 
locality it may also he useful in identifying materials of similar 
geologic origin. If the sample contains layers or patches of 
varying colors. this shall be noted and all representative colors 
shall be described. The color shall be described for moist 
samples. If the color represents a dry condition, this shall be 
stated in the report. 

10.4 Odor—Describe the odor if organic or unusual. Soils 
containing a significant amount of organic material usually 
have a distinctive odor of decaying vegetation. This is espe-
cially apparent in fresh samples. but if the samples arc dried. 
the odor may often be revived by heating a moistened sample. 
If the odor is unusual (petroleum product. chemical, and the 
like), it shall be described. 

10.5 Mors:row Condition—Describe the moisture condition 
as dry. moist, or wet, in accordance with the criteria in Table 3. 

10.6 IIC'l Reaction—Describe the reaction with l'IC1 as 
none, weak, or strong. in accordance with the critera in Table 
4. Since calcium carbonate is a common cementing agent, a 
report of its presence on the basis of the reaction with dilute 
hydrochloric acid is important. 

10.7 Consistency—For intact fine-grained soil, describe the 
consistency as very soft, soft, firm. hard, or very hard. in 
accordance with the criteria in Table 5. This observation is 
inappropriate for soils with significant amounts of gravel. 

10.8 Cementation—Describe the cementation of intact 
coarse-grained soils as weak, moderate, or strong, in accor-
dance with the criteria in Table 6. 

OCOOSOOTCHIMION59110459001 Ltyor.CorfO,  UTO 
NM nor P000lo. 9/9/D4r2095 OS 22 59 MOT 

GRAVEl 
""ttUtl "> 

... .. nd 

SAND 
.,. .. nd ~ 

'" .. '' 
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GROUP SYMBOL GROUP NAME 

~5'!1olono•...----V.•II1foded --------------- GW ~<15,. ,.nd_ Woll1'odod ''"ol 
-----.. :.?,15~ Wind__., _._.tl--ttecfed fiiVII *lfh Mnd 

Poorlv grodod----------------GP-~-==----- 15,. .and- Poorlv erodod t••••l 
--------._~15.._. ... net-..... Poorly f'lded gra.el wtth tW 

Woll~rodod ............... lono,• ML or MH--GW· GM -=-::::::::::: 15,. wnd- Woll1rodod trnol wolh • •II 
--------.. . 2'15~ wnd---+- Wtll-tfaded travel•uh t+lt end und 

lon.,•CL or CH -- • GW·GC ----=:::::::::: 16,. wnd- Woll1rodod trt•ol wolh tlov 
~16"' wnd - .. Wen trecHd trewtl wuh ct•v end ... net 

Poorly trodod ~ lonoo ML or MH GP·GM ~ 15,. wnd • Poorly trodod t••••l wolh 0111 
-------.. ~15ta. und _.. Poorly .,adtd grutl w1th Slit and tand 

lon .. •CL or CH GP· GC ---=::::::::::: 1S'!Io .. nd- Poorly trodod , ••••• Wllh tloy 
2:15" Mnd .___.. Poorly gradtd vraul whh clay tnd s..tnd 

-
-=============: : lon.,•ML or MH G M -===::::::::::: <.15llo ,.nd- SillY trt•ol 

~15'4 ''"" G ~15" und-... S•hv ,, .. , , w•th ... nd 
l on .. •CLorCH---- C ~<.15llownd • Ciavovt••••l 

---.... 2:15% und _. Ct.yey trawtl with und 

~Woll9odod ---------------.SW ~· 15llotre••l- Woll.,odod oond 
~!t-., f+ntt------- -- ---...2'15~ graut --• Wtll-.. uded Mnd With trn•l 

....;,16'lll.fut-u 

• Poorly podod SP ~ 15,.tre .. t-Poorlvgrodocloond 
------. _z: 15~ tr••et-.. Poorly tndld t.and wuh tr•lttt 

lon .. • Ml or MH ---... SW·SM 15llo ······--· w.n.,oclocl.-nd wOih ' '" 
WtU-tf-.dtd SW l:lS~ ttnd-... Wtll"ltldtld und Wtlh uh and trnet 

lonoooCLorCH · SC ~ 1s,.., ... I-Woll~rocloclsondw01htlav 
ot.: 15,. , ,,_... ___... Well..,-adld wnd wtth cl•v and • ..,,, 

-=::::::::::::: f,n.,• ML or MH ---... SP· SM ~ 15,. ,,. .. 1- .. Poorly trodod ,.nd w01h uh 
Poottv •acted ----._ ~15~ lfawel-- • Poorly pad.cl wnd w tth t~h and l'•nl 

hnoo•ClorCH SP· SC ~ 15,.traMI- Poorlypocloct,.ndwothelay 

- -============== f tMl• Ml Of MH 
ftnH• CL or CH --

-----... ~ 15~ ,, • .,., Poorly lfMied wnd w 1th ctev and tta..-et 

- SM -=-====-- 15llo frl .. l----.. SollY oond 
-----.. ~1S'lll. ,, • .,._, ___.. S•ltv ..net wnh ttntl 

. SC ~~15"- t• ... I-Ct•v•y .. nd 
-------...~151ft trncl __...Clayey Ynd wtth travel 

Nou 1 Percentages are based on cstunattng amounb of fines. sand, and gravel 10 the ncarc'l 5 o/o. 
FIG. 2 Flow Chart for Identifying Coarse-Grained Soils (less than 50 % fines) 

~!Ill ~ 1 f rundt>m tWLIIcd pant de' .tn: cn~ountcn:d thai arc stgntti
c:mtly larg~r th.111 the pantdcs 111 the 'lltl matn\. the Sl>tltmtlrl\ c'Jn he 
,t,CIII'olld) c.lc.scnb.:.J IIIli tc.lcnllfiCJ 111 J~cmJancc \\ tth I he prC\.'CCc.ltng 
schedule 

I 0.3 Coltn Descnbc the color Color 1s .111 Important 
prllpcrty 111 1dcnttfymg organic sotls. and "-llhm a g1vcn 
locnlity it may also be useful in idcnulymg matcnals of similar 
get,Jogtc origm. If the sample contain:. layers or patdll:' of 
\'arymg color;. th1s shall be noted and all reprl!scntati\e colors 
shall be described The color shall be described li.lr mmst 
..,ampl~s . If th~ color represent!'. a dry condition. this shall be 
stated 111 the report. 

9.-1 If th~ lidd sumplc or spt!cirnen bt!ing exammcd 1s 
smull~r thun the m1nunum re<:ommended amount. the n:port 
shall mcludc an appropnatc remark. 

I 0. Dc~criptiH' Information for oil 

I 0 1 lnl!ulam1 D~st:ribc the angularitv of the sand 
(coar-.~ -.iz~, onl)~l. gravel. cobble-;, and boulder;. as angular, 
,ubanl.!ul.tr. -.ubrounded. or rounded m accord<mc.:c with th~ 
cnh.'rt; 111 l'ahlc I and Fig. J . A range of angularity may be 
statL'll. -.uch '" 'ubrounded to rounded. 

I 0:! Shape lkscnbe the shape of the gra\d. cobbles, and 
boulders as flat. elongated. or llat and elongated 1f they meet 
the cnteria in rablc:! and rtg. 4 Othcm1se, do not mcntil1n the 
shape. Indicate the fraction of the particles th;ll ha' e the shape. 
such as: one-third of the gra\'el particle' arc flat. 

TABLE 1 Criteria for Describing Angularity of Coarse-Grained 
Particles (see Fig. 3) 

DescnptoOI'I 

Angular 

Subangular 

Subrounded 

Rounded 

c..,.,.AST"'Inl--1 

Cntena 

Par\Jcles have sharp edges and relabvety plane sides woth 
unpolished surfaces 

Partocles are s•m•lar to angular descnphon but have 
rounded edges 

Par\Jcles have nearty plane Sides but have well-rounded 
comers and edges 

Par\Jcles have smoothly curved sides and no edges 

R~ 1tr 115 I,;IWf lilciii'"M wC\ ASTM 
N-)~OI~~'MihCMbnMI-om .. S 

10.4 ()Jor Descnbe the odl)f if organic or unusual So1ls 
containing a s1gmficant amount of organic material usuall\ 
ha\ c a disunctiW odor or decaying \ eg~talllln ThiS " e~pe
cially apparent 111 fresh samples. but 11' the samples arc dned. 
the odor may oft~n be re\ i\ ed by heating a morstencd sam pi~ . 
II the odor 1' unusual (p~troleum product. l'hemlt:al. and the 
like). it shall be described. 

I 0.5 Motlftm• (ondillon Ocscnbe the moisture cond1tton 
as dry. mm~t. or 'Wet. m accordance with th~ criteria 111 I able 1. 

I 0.6 1/C/ Reac11on Descnbe the reaction \\lth IICI as 
none. '' cak. or strong. in ac:cordanc~ \\ ith the cntera m I able 
4 ":imce calciUm carbonate is a common c.:cmenung ag~nt. a 
report ot its pre-;ence on the ba.,ls of th~ rcact1on with dtlut~ 
hydrochlom: ac1d 1s important. 

10.7 Coll.\tSit'IIL 1'--For intact tine-grained soil. d~scnbc the 
consistenc} as \Cl) -;oft. soft. tim1. hard. or WI)' hard. in 
accordance \\ith the criteria in Table 5. Thb obsef\'atllln 1' 
inappropnate for soi ls wnh significant amounl'> or gra\'el 

I O.S (cmentallon Desl.ribe tht: (.ementation or intact 
eoar>t!-grain~d sotls as weak. moderate. or strong. in accor
dance with the cntena in Table 6 

LJc:eMeeo-ck2fJ ~!«)458001 . Ua.r-rCA.,., lJN 
;, .• .,R_ 08.'0'~0112250 ... DT 
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FIG. 3 Typical Angularity of Bulky Grains 

TABLE 2 Criteria for Describing Particle Shape Isee Fig. 4) 

The particie shape shall be described as follows where length, width, and 
thickness refer to the greatest, intermediate. and least dimensions of a particle. 
respectively,  

Flat 	 Particles with width4hickness > 3 
Elongated 	Panicles with length/width > 3 
Flat and ebngated Particles meet criteria for both flat and elongated 

PARTICLE SHAPE 

W = WIDTH 

T=THICKNESS 

L =LENGTH 

  

10.9 Slruelurc—Describe the structure of intact soils in 
accordance with the criteria in Table 7. 

10.10 Range of Particle Sizes—For gravel and sand com-
ponents. describe the range of particle sizes within each 
component as defined in 3.1.2 and 3.1.6. For example. about 
20 % fine to coarse gravel, about 40 % fine to coarse sand. 

10.11 Marimum Particle Size—Describe the maximum par-
ticle size found in the sample in accordance with the following 
information: 

10.11.1 Sand Size—If the maximum particle size is a sand 
size, describe as fine. medium, or coarse as defined in 3.1.6. 
For example: maximum particle size, medium sand. 

10.11.2 Gravel Size—If the maximum particle size is a 
gravel size, describe the maximum particle size as the smallest 
sieve opening that the particle will pass. For example, maxi-
mum particle size. 11/2  in. (will pass a I 1/2-in. square opening 
but not a 1/4-in. square opening). 

10.11.3 Cobble or Boulder Size—If the maximum particle 
size is a cobble or boulder size, describe the maximum 
dimension of the largest particle. For example: maximum 
dimension. 18 in, (450 mm). 

10.12 Hardness—Describe the hardness of coarse sand and 
larger particles as hard, or state what happens when the 
particles are hit by a hammer, for example, gravel-size particles 
fracture with considerable hammer blow, some gravel-size 
particles crumble with hammer blow. "Hard-  means particles 
do not crack, fracture, or crumble under a hammer blow. 

FLAT: W/T > 3 

ELONGATED: L/W >3 

FLAT AND ELONGATED: 

— meets both criteria 

FIG. 4 Criteria for Particle Shape 

10.13 Additional comments shall be noted, such as the 
presence of roots or root holes, difficulty in drilling or angering 

5 
Copyripi ASt11 Ingmahar. 
luivoth,ow r, iris  mr,ltr ,iorma with A5T1,1 

	 Lwiftslie=C1-1114. H.11696045806f. User,Ciflar Lola 
0b winxbjciryl a  netiownrry orrnittaid wit1,041-  lirong. fmm 1145 
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FIG 3 Typical Angularity of Bulky Grains 

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4) 

The partiCle shape shall be descnbed as follows where length. wldlh and 
thiCkness refer to the greatest. lnlermedoate, and least d1mens1ons of a part1cle, 
respeclivety. 

Aat Part1cles w1th wldttvthickness > 3 
Elongated PartiCles w1th length/width > 3 
Flat and elOngated PartiCles meet cntena for both nat and elongated 

I O.ll StntUW<' Dl!st:nhc the 'tructurl! of tntat:t ~nib m 
:ll.:nm.larh.:e '' ith the en len< 111 fable 7. 

I() )I) Ranl!,t' of Pal'lic It )t:n ror gr.t\ c) and -;and Clltn
punc.:nls. de,mhe the rang~. of particle sLres withm each 
comJwnc.:nt as detinet! 111 3.1.2 and 3.1.6. Fllr example. about 
20 •: .. line to coarse gra\ el, about 40 °·u tine ttl coa~e sand . 

I 0.11 \latimum ?art ide St:t 0\!-;cnbe the ma\imum par
tide -;ize tound in the sample 111 a~.:wrdance '' 11h thl! lollowmg 
m fonnauon 

10. 11 I Sand.'k< lfthe ma\tmum particle si7c is a sand 
'ii/C. dest:nbc as nne. medium. or coarse a' defined in 3.1.6. 
lor \!\ample ma\lrnurn parttck stzc. medium sand 

I 0. 11.2 Gnnd W-:c I r the ma\imum parltclc SIZC IS a 
gr:tvc.>l s11c. de,cnbc th1.· maxunum parttde si/e as the smallest 
,ic\C t•pcning that the panicle \\til '13S'>. For example, maxi
mum parttcle ~i7e. 11.6 111. (will pao.;s a I -in. -;quare openmg 
hut llllt a •-111. square opcnmg) 

10.11.3 Cohh/e or Bou!dl..'r Sb - If the maximum parttcle 
st/C ~~ a cobble or bouldl!r stzc. dc~cribe the maximum 
duncn,ion ot the.: largest parttclc. For example; ma\imum 
dimcm.ion. IX m (450 mm) 

I 0 12 I hmlneH Describe the hanlncs-. of coar~e 'and and 
larger parttcll!s a~ hard, or ,rate what happcns \\hen the 
p.trticJe, arl! hit by a hammcr, tor e\ampk. graH~I-si/e particle!> 
fracturc "nh considerable hammer blo\\. some gran:l-!ii7e 
parucJe, cnnnblc \\ ith hammer bll)\\', "liard'' means pan ide~ 
do not crack. fracture, or crumble under a hammer blo\\ . 

CopyrltJ~ ASTW I~ 
_..,,..s..---.t.Sn,o 
,.,, ,~.an 01 ~ cwmdl8d ._ilhOut bnH rotn lHS 
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PARTICLE SHAPE 

W=WIOTH 
T =THICKNESS 
L =LENGTH 

FLAT: W/ T>3 
ELONGATED: L/W >3 
FLAT AND ELONGATED: 

-meets both cri ter io 

FIG. 4 Criteria for Particle Shape 

10.13 Addtttonal commenr... shall bt: noted. !ouch as the 
presenct: of' roots or root holes, dilliculty in drilling or augering 

l_.a,,.. H<lt5960<~1. u--c.t .. liN _..,._ ~'2110:>0822S9MOT 



TABLE 3 Criteria for Describing Moisture Condition 

Description 

Dry 
Moist 
wet 

Criteria 

Absence of moisture. dusty, dry to the touch 
Damp but no visible water 
Visible free water. usually soil is below water table 

TABLE 4 Criteria for Describing the Reaction With HC1 

Description 
	

Criteria 

None 
	

No visible reaction 
Weak 
	

Some reaction. with bubbles forming slowly 
Strong 
	 Violent reaction, with bubbles fanning immediately 

Very soft 
Sofi 
Fern 
hard 
Very hard 

Thumb will penetrate soil more than 1 in 125 elm) 
Thumb will penetrate soil about 1 in. (25 mm) 
Thumb will Indent soil about 	(6 mm) 
Thumb will not indent soil but readily indented with thumbnail 
Thumbnail will not Indent soil 

TABLE 6 Criteria for Describing Toughness 

1111) D 2488 

 	on the portion of the soil sample that will pass a 3-in. (75-mm) 
sieve. The larger than 3-in. (75-mm) particles must be re-

moved, manually. for a loose sample. or mentally, for an intact 
sample before classifying the soil. 

12.2 Estimate and note the percentage of cobbles and the 

percentage of boulders. Performed visually, these estimates 
will be on the basis of volume percentage. 

Min 4 Since the percentages of the panicle-size distribution in Test 
Method D 2487 are by dry weight, and the estimates of percentages for 
gravel, sand. and fines in this practice are by dry weight, it is recom-
mendell that the report state that the percentages of cobbles and boulders 
are by volume. 

12.3 Of the fraction of the soil smaller than 3 in. (75 mm). 
TABLE 5 Criteria for Describing Dilatancy 	 estimate and note the percentage, by dry weight. of the gravel. 

Description 	 Criteria 	 sand. and tines (see Appendix X4 for suggested procedures). 

Nor' 10 - Since the particle-sin components appear visually on the 
basis of roturne, considerable experience is required to estimate the 
percentages on the basis of dry weight. Frequent comparisons with 
laboratory particle-size analyses should be made ,  

12.3.1 The percentages shall be estimated to the closest 5 "'D. 
The percentages of gravel, sand, and fines must add up to 

100 %. 
Cntena 

Weak 
Moderate 
	Crumbles or breaks with handling or little finger pressure 

Crumbles or breaks with considerable finger pressure 
Will not crumble or break with finger pressure Strong 

TABLE 7 Criteria for Describing Dilatancy 

Description 	 Coterie 

Stratified 
	

Alternating layers of varying material or color with layers at 
least 6 mm thick: note thickness 

Alternating layers of varying material or color with the Laminated 
layers less than 6 mm thick: note thickness 

Breaks along definite planes of fracture with little Fissured 
resistance to tractunng 

Fracture planes appear polished or glossy, sometimes Slickensicted 
striated 

Cohesive soil that can be broken down Into small angular Blocky 	
lumps which resist further breakdown 

Inclusion of small pockets of different soils. such as small Lensed 
lenses of sand scattered through a mass at clay: note 
thickness 

Same color and appearance throughout homogeneous 

hole, caving of trench or hole, or the presence of mica. 
10.14 A local or commercial name or a geologic interpre-

tation of the soil, or both. may be added if identified as such. 
10.15 A classification or identification of the soil in accor-

dance with other classification systems may he added if 

identified as such. 

H. Identification of Peat 

11.1 A sample composed primarily of vegetable tissue in 

various stages of decomposition that has a fibrous to amor-

phous texture, usually a dark brown to black color, and an 

organic odor, shall be designated as a highly organic soil and 
shall be identified as peat, PT. and not subjected to the 

identification procedures described hereafter. 

12. Preparation for Identification 

12.1 The soil identification portion of this practice is based 

6 
Cooyrgm ASTM Sohonnoral 
Roorodigoo 	ondoo bosom woo ASTM 
No now000cOoo co oot000,,,o2 peonoloO wit ool IlrAnse 1,1%11 INS 

14. Procedure for Identifying Fine-Grained Soils 

14.1 Select a representative sample of the material for 

examination. Remove particles larger than the No. 40 sieve 

(medium sand and larger) until a specimen equivalent to about 

a handful of material is available. Use this specimen for 

performing the dry strength. dilatancy, and toughness tests. 

14.2 Dry Strength: 
14.2.1 From the specimen. select enough material to mold 

into a ball about 1 in. (25 mm) in diameter. Mold the material 

until it has the consistency of putty, adding water if necessary. 
14.2.2 From the molded material, make at least three test 

specimens. A test specimen shall he a ball of material about 

in. (12 mm) in diameter. Allow the test specimens to dry in air. 

or sun, or by artificial means, as long as the temperature does 

not exceed 60°C. 
14.2.3 If the test specimen contains natural dry lumps. those 

that are about './2 in. (12 mm) in diameter may he used in place 

of the molded balls. 

Nom II The proem of molding and drying usually produces higher 
strengths than are found in natural dry lumps of soil. 

14.2.4 Test the strength of the dry balls or lumps by 
crushing between the fingers. Note the strength as none. low, 

MNS1160.15M301. lhom.Conor. lroa 
NO la Rotolo 01044005 06.2258 MDT 

Description 	 12.3.2 If one of the components is present but not in 

sufficient quantity to be considered 5 ``'n of the smaller than 

3-in. (75-mm) portion. indicate its presence by the term trace. 
for example, trace of fines. A trace is not to be considered in the 

total of 100 % for the components. 

13. Preljminary Identification 

13.1 The soil is fine grained if it contains 50 % or more 

fines. Follow the procedures for identifying fine-grained soils 

of Section 14. 

112 The soil is coarse grained if it contains less than 50'!'© 

fines. Follow the procedures for identifying coarse-grained 

soils of Section 15. 

~t D 2488 

Dry 
Maost 
Wet 

TABLE 3 Cnteria for Describing Moasture Condition 
C(lter 

Absence of moosture dusty· dry to the touch 
Damp but no VtS1ble water 
VISible free water, usually soU ts below warea table 

TABLE 4 Criteria for Describing the Reaction Wath HCI 

on the portillll nfthe sod sample that wtll pass a J-111 . (75-mml 
.. ie\e. J'he larger than 3-in. (75-mm) panicle~ must he re
mo\ed. manuall). for a loo'>e sample. or mentally. l(lr an intact 
.. ample beli.1re dassi tying the soil. 

12.2 btimate and note the percentage or cobble~ and the 
percentage or boulder~. PertC.rmed visually. these e-;timatc' 
will be on the ba.sts ol volume percentage:. 

~nn Q S nn ;he p.:r~~.:nt.t!:!C~ nf the p.utadc-";e dt~trihuuon tn fc,t 
--------------------------- \h:thoJ !) ~4S~ are b} dry \\el!!hl, and the c-limates of pcr,·cll!ngc' for 
Nono No vasoble reachon 

Cnterta 

weak Some reactaon, woth bubbles rormong slowly gravel , 'and, Jml tine' in thh pr;n:llcc arc b) dl') vo.:iglll. 11 " rcc<•m-
Strong Vaotent reaction, woth bubbles formong immedaatety mended th;al the rcr<•rl st;llc that the pcrcenW!!C> of cobbles .md ll\>uld.:rs .;.....:......::...._ _______ _..: ______ ..:... ___ ....:... _____ nrc by \ulunw. 

12.3 Of the fmction of tht soil smaller than J Ill . (75 mm), 
_____ TA_B_L_E_s_c_r_•t_e_ri_a_fo_r_o_c_s_cr_i_b_m~g_D_ila_t_a_n_c_y _____ _ e:-tnnate and note the percentage, b) dl) \\etght or the grmel. 

Oescripoo· C11tor.- sand. and lines (see \ppendt\ X-1 lllr suggested prncedures). 
----~--------------------------------------Very soft Thumb woll penetrate SOli more than 1 an (25 mml 
Soft Thumb will penetrate sotl about ton. 125 mm) !'\nn Ill Su~ee the panu:li:·St7e cumponcnh appeal \hU.tll} un th.: 
Farm Thumb wolltndent soli about ~an. (6 mm) ba'i~ of \olunc con,idcmhk C\pcncn~c ts rcqutrcd 10 C>lllllate th1: 
Hard Thumb woll nottndent soot but readily ondented wotl'lthumbnaot p<:r<·cntag.:- on the hasts of dl) Y.ciL!hl. f'rcquent O:<>mpamuns \\llh 

• V&ry hard Thumbnail will not tndent sod lahoratory particle-sue anal~ 'c' 'huuld h.: made:. 
~~----------------------------------------

Oescript~ 

Weak 
MOderate 
Strong 

La mona ted 

Fissured 

She ken sided 

TABLE 6 Criteria for Describing Toughness 

CnJmbles or breaks w•th handling or li!Ue linger pressure 
CnJmbles or brea~s Mlh consideraDie finger pressure 
Will not crumble or break wotn longer pressure 

TABLE 7 Criteria for Describing Dilatancy 
C 1(NI3 

Altemahng layers ot •arymg rnatenal or oolor woth layers at 
least 6 mm tnJCk, nora thiCkness 

Anematong layers of varytng matenal or color W>th the 
layers less ltlan 6 mm th!CI<. note th•ckncss 

Breaks along defomte planes of fracture w1th l1111e 
resostance to fra<:tunng 

Fracture planes appear poloSI'Ied or glossy. "'ometames 
stnated 

12.3.1 The percentages shall be estimated to the closest 5 1~o . 

The percentages of graYel. 'and, and fines must add up to 
100%. 

12.3.2 If one or the components is present but not in 
sutlicient quantity to be Cl'nsidered 5 °~ of the smaller than 
3-in. ( 75-mm) ponion. indi~:ate ih presence by the term traer!. 
tor example. trace or fines. A trace 1s not to b.: consider..:d 111 th..: 
total of I 00 °'o for the components. 

13. Prcliminar) Identification 

IJ I The sot) ts /lilt s:r.nm J tl it contains 50 ~o or more 
hnes. J·olltw.: the proc..:dures lor identtfymg fine-grained '\OJb 

of \ecuon 14. 
13 2 The soil ts mcnw ~rained if 11 contams kss than 50% 

fin..:s. f·ollo\\ the procedur..:s lor idenulymg coarse-g.ramed 
soils ol Sect11m 15 

Cohesove soot that can be bro~:en down mto small angular 14. Proccdurr for ldc nlif) ing I ine-Grainr d Soil\ 
lumps whiCh rel>JSI further breakdown 

Blocky 

Len sod lnclusoon of small pockets of d•fferent soils. such as small I-I I Sekct a rcpr..:sentaltn: .;ample of the malt:nal fl)r 
lenses or sand scattered through a mass or day; note e\ammatton Rt:move panicles largt:r than the 1\o 40 siC\ e 
thiCkness 

Homogeneous same oolor and appearance tnroughovt rmed1um sand and larger) until a specimen equt'val..:nt to about 
....::....:..::.:::..:....:::::.::.=----.:..:..-=-:..:....:--=-;.:...:;..:..:_;__.;___:_..::....;__ _ ______ a handful of matenal is a\'~ulable Vse this specnnen lor 

hole. ea\ mg of trench or hole. or the pre-.ence of mica. 
I 0.14 A local or commcrc ta l name or a geologtc mtervre

tation of the sod. or both. may be added if identified as such 
10.15 A classtficatton or identificatton of the soil in accor

dam:e \\ ith other classification systems may be added if 
1dC:1llllied as such. 

II. Identification of Prat 

11 .1 \ .. ample composed pnmarily l,f vegetable tis,ue in 
\ arious stages of decompos ttlon that has a flbrous to amor
phous te.\ture. usually a dark brown to black color. and an 
organic tldor. shall be destgnated as a highly organic sod and 
o;hall be identilied as pt:at. PT. and not subjected to the 
identification procedures descnbed hereafter. 

12. Prr paration for ldrntitication 

12 I The soil 1denu licatton portion of thi., practice is based 

~f-9'll ASTM lnNmabonaJ 
R~D¥ IHS unoetk8nM "''"'ASTM 
No riO"Q(JioiCIIOn 01 '*"-"01'\ng ~ wmoui lc.nu frum IHS 
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perlonning the dry strength. dtlatancy. and toughness tests. 
1-1.2 Dn· Strt•ngth. 
14.2.1 From the specimen. select enough materia l to mold 

into a ball about I in. (25 mm) in diameter. ,\ !old the matenal 
until it has the cons1stenc)' of putty, addtng water i r necessary 

14.2.2 From the molded material. make at least three te•il 
spectmens. A test spectmen shall he a ball of material nbout 'h 
in. ( 12 mm) in dtameter \lin\\ the test speCimen~ to dry in air, 
or o;un. or by anttictal mean,, a~ long a~ tht: templ.!rature docs 
not cxc·..:ed 60' (. 

1-1 .2.3 If the test 'pecimen contains natural dl) lumps. those 
that arc about 1 tn. ( 12 mm I in diameter may he used m place 
or the molded balls 

:\ort I t The pn.~ec's of moldmg and dl')'tnf! u'ually pmdun~~ haghcr 
strengths than ar1: found 111 natur.tl dry lumps of soil 

14.2.-1 Test the -.trength of the: dl)· balls or lump~ h~ 

crushmg between the lingers '\ote the strength as none. Jm,, 

Lc--cH2M t<ll$!1110o<SIIOOI , ~. UN 

Nn1 lot - CI&O<i2005 08 22 511 lo'OT 



TABLE 9 Criteria for Describing Dilatancy 

DeeCtiplion :riteria 

   

None 
	

No visible change in the specimen 
Slow 
	

Water appears slowly on the surface of the specimen during 
shaking and does not disappear or disappears slowly upon 
squeezing 

Rapid 
	

Water appears quickly on the surface of the specimen during 
shaking arid disappears quickly upon squeezing 

TABLE 10 Criteria for Describing Toughness 

Description Criteria 

Low 	Only slight pressure is required to roll the thread near the 
plastic limit The thread and the lump are weak and soh 

Medium 	Medium pressure is required to roll the thread to near the 
plastic limit The thread arid the lump have medium stiffness 

High 	Considerable pressure is required to roll the thread to near the 
plastic limit The thread and the lump have very high 
stiffness 

TABLE 11 Criteria for Describing Plasticity 

Description Criteria 

Nonplastic 
Low 

Medium 

High 

A %-in (3-mm) thread cannot be rolled at any water content 
The thread can barely be rolled and the lump cannot be 

formed when drier than the plastic limit 
The thread Is easy to roll and not much lime is required lo 

reach the plastic limit. The thread cannot be emoted atter 
reaching the plastic limit The lump crumbles when drier 
than the plastic limit 

It takes considerable time rolling and kneading to reach the 
plastic lima The thread can be rerotled several times alter 
reaching the plastic limit. The lump can be formed without 
crumbling when drier than the plastic limit 

14.7 Identification of Inorganic Fine-Grained Soils: 
14.7.1 Identify the soil as a lean clay. CL. if the soil has 

medium to high dry strength. no or slow dilatancy, and medium 
toughness and plasticity (see Table 12). 

14.7.2 Identify the soil as a fin clay, CI I, lithe soil has high 
to very-  high dry strength, no dilatancy, and high toughness and 
plasticity (see Table 12). 

14.7.3 Identify the soil as a 	ML. if the soil has no to low 
dry strength, slow to rapid dilatancy. and low toughness and 
plasticity, or is nonplastic (see Table 12). 

14.7.4 Identify the soil as an elastic silt, MI -1, if the soil has 
low to medium dry strength. no to slow dilatancy, and low to 
medium toughness and plasticity (see Table 12). 

Noit 12 These properties are similar to (hose for a lean clay. 
ilowevcr, the silt will dry quickly on the hand and have a smooth. silky 

feel when dry. Some soils that would classify as MH in accordance with 

the cntcna in Test Method D 2487 arc visually difficult to distinguish from 

lean clays. CL It may he necessary to perform laboratory testing for 

proper identification. 
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medium. high. or very high in accorance with the criteria in 
Table 8. If natural dry lumps are used. do not use the results of 
any of the lumps that are found to contain particles of coarse 
sand. 

14.2,5 The presence of high-strength water-soluble cement-
ing materials, such as calcium carbonate. may cause excep-
tionally high dry strengths. The presence of calcium carbonate 
can usually be detected from the intensity of the reaction with 
dilute hydrochloric acid (see 10.6). 

14.3 Dilatancy: 
14.3.1 From the specimen, select enough material to mold 

into a ball about !,-2 in, (12 mm) in diameter. Mold the material, 
adding water if necessary, until it has a soft, but not sticky, 
consistency. 

14.3.2 Smooth the soil ball in the palm of one hand with the 
blade of a knife or small spatula. Shake horizontally, striking 
the side of the hand vigorously against the other hand several 
times. Note the reaction of water appearing on the surface of 
the soil. Squeeze the sample by closing the hand or pinching 
the soil between the fingers, and note the reaction as none. 
slow, or rapid in accordance with the criteria in Table 9. The 
reaction is the speed with which water appears while shaking. 
and disappears while squeezing, 

14.4 Pruybrievs: 
14.4.1 Following the completion of the dilatancy test. the 

test specimen is shaped into an elongated pat and rolled by 
hand on a smooth surface or between the palms into a thread 
about 1A4 in. (3 mm) in diameter. (lithe sample is too wet to roll 
easily. it should be spread into a thin layer and allowed to lose 
some water by evaporation.) Fold the sample threads and reroll 
repeatedly until the thread crumbles at a diameter of about Vs 
in. The thread will crumble at a diameter of l/w, in. when the soil 
is near the plastic limit. Note the pressure required to roll the 
thread near the plastic limit. Also, note the strength of the 
thread. After the thread crumbles. the pieces should be lumped 
together and kneaded until the lump crumbles. Note the 
toughness of the material during kneading. 

14.4.2 Describe the toughness of the thread and lump as 
low, medium, or high in accordance with the criteria in Table 
10. 

14.5 Plasticitt—On the basis of observations made during 
the toughness test, describe the plasticity of the material in 
accordance with the criteria given in Table 

14.6 Decide whether the soil is an inorganic or an oixanic 
tine-grained soil (see 14.8). If inorganic. follow the steps given 
in 14.7. 

TABLE 8 Criteria for Describing Toughness 

Description 
	

Criteria 

The dry specimen crumbles into powder with mere pressure 
of handling 

The dry specimen crumbles into powder with some finger 
pressure 

The dry specimen breaks into pieces or crumbles with 
considerable finger pressure 

The dry specimen cannot be broken with linger pressure, 
Specimen will break into pieces between thumb and a hard 
surface 

The dry specimen cannot be broken between the thumb and a 
hard surface 

TABLE 12 Identification of Inorganic Fine-Drained Soils from 
Manual Tests 

Sod 
Symbol 

Dry Strength Dilatancy Toughness 

ML None to low Slow to rapid Low or thread cannot be 
formed 

CL Medium to high None to slow tledIUM 

MH Low to medium None to slow Low to medium 
CH High to very high None High 

None 

Low 

Medium 

High 

Very high 
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mcd1um, h1gh, 01 o,;ery h1gh 10 nccorance '' llh the critcna 10 

Table S. I r natural dry lumps are used. do not use the results of 
any \11' the lumps that an: ti.1und to contain particle:. of coar'e 
~and. 

14.2 5 rhc presence of h1gh-strength '' ater-soluble cement
ing makriab, such as cakium carbonate. may cause e\cep-
11\ll!all} htgh dr) strengths. The pre,cnce ol l'alcium carbonate 
can u:-.uall) he det.:cted ti·om the imen'>ity olthe reaction '' 1th 
dilute hydrochloric ac1d ('.ee I 0.6 ). 

14.3 DJ!tJtcmn 
14.3. 1 From the spcc1men. select enough materia l to mold 

into a ball about ' 111. ( 12 mm) 111 d1ameter. Mold the marenal. 
adding "ater if necessary. unul 11 has a ,oft. but not sucky. 
COil~ISteiK)-

14.3.2 "lmooth the soil hallm the palm or one hand\\ llh the 
blade ol a kml~ or small spatula. Shake horitonta lly, stnkmg 
the s1de of the hand '1gorousl} agamst the other hand severn I 
tunes. ' )te the rcacuon or water appearing on the surlacc of 
the soli. ")lJucetc the sample by closing the hand or pmching 
the soil between the fingers. and note the reaction as none 
siO\\, or rapid 111 accordance \\'ith the criteria in Table 9. The 
re.1cllon is the speed \\'lth wh1ch water appears ' ' hi le shakmg. 
and di ... appears ''hi le squec11ng. 

14 4 Trmghlll'\\ 
14 -t.l l"llll\m ing the completillll of the dilatancy te ... t. the 

t.:st ... pec1m.:n Is shaped lllt\1 an elongat~d pat and rolled by 
hand on a ~mouth surti1ce or between the palm~ intu a thread 
about 1/~ m. (3 mm) 111 d1am.:ter. (If the sample is too wet to roll 
.::hlly. 11 should h~ spread mto a than la\er and alluwed to losl' 
~ome water by evaporation ) fold the sampl.: threads and reroll 
repeatedly unul the thread crumble:- at a diameter of about 1h 
in. The thread" ill crumble at a d1ameter of 1 in when the soil 
~~ near the plastic lumt. 1\ote the pressure rcqu1red to roll the 
thread n~ar the plao;uc 1111111 Also. note the strength ot the 
thread. Aft.:r the thread crumbles, th.: p1eces should he lumped 
together and kneaded umil the lump cnunhles. '-ote the 
toughness of' the material during kneading. 

14.4.2 Describe the toughness of the thread and lump a~ 
lm\, medium. or high 111 accordance \'>ith the critena in Table 
Ill. 

l·t5 Pla.mcifi'-On the basis of obsen·ations made during 
the toughne.,, t.:st. descnbe the plasticity of the material in 
acC\lrdan..:c '' ith the en ten a given in Table II . 

14.6 Decide whether the soil is an inmx.anic 1H an organic 
tine-gram.:d stlll (see 14.8). If uwrganic. follow the steps !!I" en 
in 14:/. 

TABLE 8 Criteria for Describing Toughness 

Oe~pltOil 

None 

Lo"' 

Medrum 

CovyrlghtASfl.' ~tOtal 

Cn1ena 

Tt>e dry specrmen crumbles '"to powder w•th mere pressure 
or handhng 

The dry speomen crumblos into powder wrth some finger 
pressure 

The dry speomen breaks Into pieces or crumbles wrth 
considerable finger pressure 

The dry specrmen cannot be broken w•lh f1nger pressure 
Spec1men wrll break rniO poeces between lhumb and a hard 
surface 

The dry speomen canrtol be brc».en belwecn the thumb and a 
hard surface 

R~Or 11$ ~ ic.nse al'! ASTM 
n:.~or~d"'Q~ wi.''ICII.IIM:enMfrom ~-t<; 
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TABLE 9 Criteria for Descrrbing Drlatancy 

OescnpttOil l"nlena 
None No vis1ble change In the speomen 
Slow Water appears slowly on tne surface of the speomen dunng 

shakrng and does not diSappear or drsappears slowly upon 
squeez'"g 

Rapid Water appears quickly on the surface o! lhe specrmen during 
shaking o1nd cl1sappear!> q.ndcty upon squeez'"g 

TABLE 10 Criter ia for Describing Toughness 

Oescnplron Crrtarra 
Low Only shghl pressure IS requrred 10 roll the lhroad near the 

piastre lrm1t The thread and lhe lump are weak and soil 
Mcdrum Medium pressure IS required to roll the thread lo near the 

piastre fim11 The lhraacl and lhe lump have med1um shrfnoss 
Hrgh Cons1derable pressure rs requrred lo roll the thread to near lhe 

Oesatphon 
Nonplas~c 

Low 

Hrgh 

plastrc frm11 Tha lhread and the lump have very hrgh 
sl1flnes!. 

TABLE 11 Criteria for Describing Plastrcrty 

A '-'·'"· (3-mm) thread cannot be rolled al any water conlent 
The thread can barely be rolled and lhe lump cannot be 

formed when dner lllan lhe pl<bhC hmll 
The thread Is easy to roll and nol mudl 1rme rs requrred to 

reach lhe plastrc limrl. The thread cannot be rerolled alter 
reacn.ng the plastic l1mrt The lump crumbles when doer 
than the plastiC llmH 

It takes considerable ome rollrng and knoadrng to reach the 
plashc hmll The thread can be rerolled several limes afler 
reachrng lhe plastic lrmrl Tho lump can be formed WII'IO\Jt 
crumbling wtron dner lhan tne piastre l1m1t 

1-t 7 ldmti(ication of /norga11ic Fine-Grailll'cl S01l1: 
14.7.1 ldent ll) the soil <as a lean c/a_1, Cl. 1lthe soil h<h 

med1um 10 high dry strength. no or slow dilatancy, nnd med1u111 
toughness and p la~uc1ty ( s.:.: Table I 2 ). 

I-U.2 Identity the soil as a fat elm•, Cll. it' the soil ha~ h1gh 
to VCI') h1gh Ul') strength. nn dllat<lllC) . and high toughn.:s ... anJ 
plasliCII) (see f ,Jbk 12) 

14 ~ 3 ldentlf) the soli as a silt. \IL. if the S{lll has no tolm' 
dl') strength. slow to rap1d d1latanc). and low toughness and 
plasUCH}. or is nonplastic hee rable 12) 

14.7.4 Identity the soil as an clastic 1tl1. ivlll. if the soil has 
low to medium Ul') strength, no Lo •dO\\ dilatancy. and lo\1 to 
mt:dllllll toughness and plasticit\o (see rahle 12). 

'-'ort 12 I hc;r: prop.:rtrr:' mr: r.nrl.r lo lhu'c lor ,1 lc:rn cl.r). 
11\l\lot:\ cr. the ''It "rll dl) qur.:kly on the hand .urd h." r: a 'mtl<Hh. Mlk) 
fed when dry. S,•mc 'orb that '""rid cla"tf) 1'- \Ill tn acn•rt.lan•c "rth 
thr: cntcna tn Tc,t .\lr:thod D ~.JS7 arc '''uall~ dr ffirult I<> dhtrngui,h fntm 
lo:an cl.r)~. Cl It may l>r: nc.:~-s:>:tr) to perform l.rl>t>r,Jtory 1cs1rng for 
prop.:r rd.:nlrlkllrtm 

TABLE 12 Identification of Inorganic Fine-Grarned Solis from 
Manual Tests 

Soil Dry Strength O.latancy Symbol 
ML None to low Slow to rapid 

CL Med1um lo hrgh None 10 slow 
MH Low to med1um None lo slow 
CH Hrgh to very h.gtr None 

~-o<..t.t H Se60C5a001 U..rwC.f1ef l.tU 

Not "" - e&V&I2005 oe 22 se t.tor 

Toughness 

Low or thread cannot be 
formed 

Medrum 
Low to med1um 
Hrgh 
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14.8 Identification of Organic Fine-Grained Soils: 
14.8.1 Identify the soil as an organic soil, 01-1011. lithe soil 

contains enough organic particles 10 influence the soil proper-
ties. Organic soils usually have a dark brown to black color and 
may have an organic odor. Often. organic soils will change 
color, for example. black to brown, when exposed to the air. 
Some organic soils will lighten in color significantly when air 
dried. Organic soils normally will not have a high toughness or 
plasticity. The thread for the toughness test will be spongy 

NOIF. 13 In sonic cases. through practice and experience. it may be 
possible to further identify the organic soils as organic silts or organic 
clays. OL or 0/i Correlations between the (blatancy. dry strength. 
toughness tests, and laboratory tests can be made to identify organic soils 
in certain deposits of similar materials of known geologic 

14.9 If the soil is estimated to have 15 to 25 % sand or 
gravel, or both, the words "with sand" or "with gravel" 
(whichever is more predominant) shall be added to the group 
name. For example: "lean clay with sand. CL" or "silt with 
gravel. ML" (see Fig. la and Fig. Ib). If the percentage of sand 
is equal to the percentage of gravel. use "with sand." 

1410 If the soil is estimated to have 30 % or more sand or 
gravel, or both. the words "sandy" or "gravelly" shall be added 
to the group name. Add the word "sandy" if there appears to be 
more sand than gravel. Add the word "gravelly" if there 
appears to be more gravel than sand. For example: "sandy lean 
clay. CL", "gravelly fat clay, C1-1", or "sandy silt, ML" (see Fig. 
1 a and Fig. lbl. If the percentage of sand is equal to the percent 
of gravel. use "sandy." 

IS. Procedure for Identifying Coarse-Grained Soils 
(Contains less than 50 % fines) 

15.1 The soil is a gravel if the percentage of gravel is 
estimated to be more than the percentage of sand. 

15.2 The soil is a sand if the percentage of gravel is 
estimated to be equal to or less than the percentage of sand. 

15.3 The soil is a clean gravel or clean sand if the 
percentage of fines is estimated to be 5 % or less. 

15.3.1 Identify the soil as a well-graded gravel, GW, or as a 
well-graded sand, SW. if it has a wide range of particle sizes 
and substantial amounts of the intermediate particle sizes. 

15.3.2 Identify the soil as a poorly graded gravel, GP, or as 
a poorly graded sand, SP. if it consists predominantly of one 
size (uniformly graded), or it has a wide range of sizes with 
some intermediate sizes obviously missing (gap or skip 
graded). 

15.4 The soil is either a gravel with fines or a sand with fines 
if the percentage of tines is estimated to be 15 % or more. 

15.4, I Identify the soil as a clayey gravel, GC. or a clayey 
sand. SC. if the fines are clayey as determined by the 
procedures in Section 14. 

15.4.2 Identify the soil as a silty gravel. GM, or a silty sand, 
SM, if the fines are silty as determined by the procedures in 
Section 14. 

15.5 If the soil is estimated to contain 10 % fines, give the 
soil a dual identification using two group symbols. 

15.5,1 The first group symbol shall correspond to a clean 
gravel or sand (GW, GP. SW, SP) and the second symbol shall 
correspond to a gravel or sand with fines (GC, GM, SC, SM). 

15.5.2 The group name shall correspond to the first group  

symbol plus the words "with clay" or "with silt" to indicate the 
plasticity characteristics of the fines. For example: "well-
graded gravel with clay, GW-GC" or "poorly graded sand with 
silt, SP-SM" (see Fig. 2). 

15.6 If the specimen is predominantly sand or gravel but 
contains an estimated 15 % or more of the other coarse-grained 
constituent, the words "with gravel" or "with sand" shall be 
added to the group name. For example: "poorly graded gravel 
with sand, GP" or "clayey sand with gravel, SC" (see Fig. 2). 

15.7 If the field sample contains any cobbles or boulders, or 
both, the words "with cobbles" or "with cobbles and boulders" 
shall be added to the group name. for example: "silty gravel 
with cobbles, GM." 

16. Report 

16.1 The report shall include the information as to origin. 
and the items indicated in Table 13. 

Nut 14--Example: C'tavey Gravel with Sand and Cottbks. 
About 50 % line to coarse, subrounded to subangular gravel; about 30 
fine to coarse. subrounded sand; about 2096 fines with medium plasticity, 
high dry strength, no dilatancy, medium toughness. weak reaction with 
I1C1: original field sample had about 5',, thy volume I so/wounded 
cobbles, maximum dimension. 150 mm 

In-Place Condnions Firm, homogeneous. dry. brown 
Geologic Interpretation- Alluvial ran 
Non 13-Other examples of soil descriptions and identification are 

given in Appendix X1 and Appendix X2. 
bkirr 	desired. the percentages of gravel, sand, and lines may be 

stated in terms indicating a range of percentages. as follows: 

nue.e---„,Particles arc present but estimated to be less than 5 % 
Pew-5 to 10 % 
Little- • 15 to 25 % 
Sonic- -30 to 45% 
Mosdv-50 to 100 % 

TABLE 13 Checklist for Description of Soils 

1, Group name 
2 Group symbol 
3 Percent of cobbles or boulders, or Win (by volume) 
4 Percent of gravel, sand, or fines, or all three (by dry weight) 
5. Particle-size range_ 

Gravei-tine. coarse 
Sand-fine, medium, coarse 

S Particle angularity: angular. subangular, subrounded. rounded 
7 Particle shape: of appropriate) flat. elongated. flat and elongated 
8. Maximum particle size or dimension 
9 Hardness of coarse sand and larger particles 

10. Plasticity of fines: nonelastic. low, medium, high 
11 Dry strength: none. low, medium, high. very high 
12 Dilatancy none, stow, rapid 
13. Toughness: low. medium. high 
14. Color (in moist condition) 
15. Odor (mention only if organic or unusual 
16 Moisture' dry. moist, wet 
17. Reaction with HCI: none. weak. strong 
For Inlarf samples- 
18. Consistency (fine-grained soils only) very soft. soft, firm. hard, very hard 
19 Structure stratified, laminated, fissured, sfickensided, lensed, homo-

geneous 
20. Cementation: weak, moderate, strong 
21 Local name 
22. Geologic interpretation 
23. Additional comments: presence of roots or root holes. presence of mica. 

gypsum. etc.. surface coatings on coarse-grained particles, caving or 
sloughing of auger hole or trench sides. difficulty in augering or excavating. 
etc 
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14.:-i t.l.nttfinJfton o( Or~:antc • Fine-Grctmcd \otk 
14.:-> .1 ldenuf~ thcsoda~anmxanic .wi/,01 Oll.tf'thcsod 

conwins enough org<tnH: particles to influence the soil proper
lies. Organtc ~oils usually have a dark bro'' n to black color and 
ma) hOl\c an organic odor. Often. orgamc soils will change 
color. li.>r example. black to br(l\\n. when exposed tu the air. 
S(lllle orgamc sod~'' til lighten in color ''gmficantl) when 31r 
dncd Organic soils nunnally ''ill not have a high toughness or 
pJa,ucity. The thread fi.>r the toughness test will he spong) . 

~nn 13 In -om~ c:h~''· lhr,>ugh pr:Jcllc.: .md C\p.:ncnc~. 11 ma~ be 
pu"thlc to funhcr tdcnufy the urgamc ~otb ,., t>rg~ntl' 'tits '" urgant<' 
c lll) S. <lL or Oil Ct>nclauvn' l>ctween th1· dolatanc) . dr) 'trcngth. 
t\lughllc , lc,b, and lalx>r:tlt>r~ tc'L~ can be m.ode to tdcnltf) ~>rganto.: St•rb 
111 o.:cttun dcpo,,l, of snnrl:ir rnat.:rrals of kn'"'n gcoi••):K ••••!!Ill 

14.9 II the S1)tl 1s cstnnuled to han~ 15 to 2" "o sand or 
!-(r.t\cl, or both. the words "with sand" or .. ,, tth gra\·el" 
( whtclle\ er ts more predominant l shall be added to the group 
name. For example· "lean cia) with sand. CL. .. or "si lt with 
gra,el. \IL" (sCI.! ltg. lu and Fig. I b) If the percentage of sand 
i,. equal to the percentage of gravel. use "\\ 11h sand." 

14. 10 I I the sml is estllnated to ha\ e 30 °'clor more sand or 
gm,el, or both. the words "sand)" or "gra\elly" ~hall be added 
to the group name. Add the word "sandy" if there appear' to be 
more sand than gm\el. Add the \\Ord ··gra\ell>" if there 
app.:ur~ to be more gravel than sand. For C.'\antple: "sand\- lean 
clay. CL". "gra\elly fat cia}. Cit". or "sand) slit. i\1L" (see T tg . 
Ia ami Ftg. I bl If thl.! percental!e of sand ts .:qual to the percent 
nf gravel. m.c "sand) " 

15. Procrdurc for Jdcntif~ing Coarse-Grained 1-.oib 
1 Con tams Jcs, than "0 ° u fines) 

15.1 The soil is a grard if the percentage of gra\el is 
..... umated tn be more than th~. percentage of' -.;md 

15.2 Th.: sotl '" a 1ancl tf the percentage ol gra\cl t~ 
cstimuted to be equal to llr less than the percentage of sand. 

15.3 The SOil is a dl'ct/1 wm·el or cl!•tm wncl if the 
percentage of fines is cstnnated to be 5 % or less. 

15.3.1 I dent if) the sotl as a we/1-~nulecl gran I.(,\\ . or as a 
well-!!rodf!d mml. S\\. tf 11 has a \\ide range of parttcle si7es 
and substantial amounts of the tntennediate parttclc sues. 

15.3.2 ldenti f) the sot! as a poor!\ l!,radcd gra1 el. G P. or as 
a poor~\' l!,raded sand. SP. 1f it cons1s1:> predominantly of one 
s11e (unifl)nnl\ gmded). or it has a w1de range of s11cs \\tth 
some mtennedwte s1/CS obviously miss1ng (gap or sktp 
graded). 

15.4 The soil ts cithcr a gran·lll'ith tint'' or a mnd with fines 
tf the per.:entage of fines ts estimated to be 15 °1., or more. 

15 4 I ldentif)· the sotl as a dayey gravC'!, GC, or a t1aye1 
mnd, SC'. 1f th.: fine' arc cia) cy a,., dctcnnincd hy the 
pmcedure' tn ~ectton 14 

I '\.4.2 ldenut) thc soli a~ u \i/~1 · grawl. G\1. m a .1i/11' wnd. 
')\I, tf the fines arc silt)' as dctem1ined by the procedure-. m 
l.iecuon 14. 

I " .5 If the sot! ts estnnated to contam I 0% fines. give the 
Sl'il a dual tdenuficatwn usmg two group symbols. 

15.5 I The first group symbol shall correspond to a clean 
gravel or sand (GW. GP. 1.;\\, "iP) and the .;cc 1nd symbol shall 
correspond 10 a gra\ el or sand '' 1th fines ( GC.. G \1, '-;(. S\.1) 

15.52 The group name 'hall corre ... pond Ill the first group 

eoo,..gN ASTM _, 
R~ tw liS~ iciWIM'Ilr th ASTU 
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symb1>l plus the words "\\ith clay" or"" ith silt" 1\1 indtcate the 
plasticny churactensllcs of the fine~. For e\amplc: "\\ell
gmded rravcl \\ 1th clay. G\\-(rC" or "poorly graded sand with 
stlt. "iP-5\.1" (sec hg. 2). 

I" 6 If the specnnen 1s prcdommantly sand or gra\cl but 
contain~ an estimated 15 ~o or more of the other coarse-gruined 
constituent. the words "with gra' el" or "With ... and'' shall be 
added to the group name . For example: "poorh gradl.!d gravel 
\\.ith -,and. GP'' or "clayey 'and with gravel. "i("' (sec Fig. 21. 

15.7 If the held sample contains .my cobbles or boulders. or 
both, the words"\\ 1th cobbles" or "with cobbles and boulders'' 
-,hall bl.! added to the group name. J'or e\ample· "stlty l!l'<t\cl 
"ith cobhb. G:\1 ·· 

16. Report 

16 I !'he report shall include the infonnatton as tl> ongin. 
and the Items indtcated 111 Table I J . 

!':on 14 1:~.unph Clm·l'l' Gr.11-d mth -~~mJ an,/ Cohh!er, 0C 
,\"out ~0 • ;. lino: 10 o:oarso:, su"ruunded lu ,uhangular gra1 d, .tt>out ]0 °1> 
line 111 cu:rrsc, 'u"roundcd 'and, ahoul 2(1% fine" 1\ rth mcdrum pl;hlll'll_:. 
!ugh dr)· 'trcn~nh. nu drlatanc) . mcdrum tvughncs': \\C,tl.. ll':lt:ltnn Y.r th 
IICI: ongmal field s:tmplc had uboul ~ • . (h) •·olurne) uhrnun<l d 
cobbles, m.r\imum dirnen,rltn, ISO nun 

ln-I'IJc-e Cundtlll>ns Frnn, humogencou,, dr) . bro"n 
(iC<llOgll: lnterpretallun i\llu\ r:~l firn 
:-.on 15 Other c'ample~ 11l soli de,..;ripnon' ,md rdcnulic.tllon arc 

gr\cn m i\ppcndr\ XI and 1\pp.:ndr\ X2. 
'\on Ill II d~~rred, the percentage' <tfgra\cl . ..;and, Jntllinc' 111.1~ he 

Slated 111 terms mdr.:aung a range nf percentage~. as foiiO\\s: 
hell<' Particles <trC rrcsent hu1 e:.llmatl-d to bo.: less than :. "·• 
rt~ll 5 IO 10 % 
liuft... I :5 to ::!5 % 
Smne ~Oto-15"• 

I (<Hill 511 It> Jtl() ~ o 

TABLE 13 Checklist for Descrrption of Solis 

1. Group name 
2 Group symbOl 
3 Porconl or cobbles or bOulders, or both (by volume) 
4 Percent or grave~ sand, or fines, or all ltlree (by dry v.eoght) 
5 Partlde-stze range. 

Gravel-Me, coarse 
Sand-l•ne, medoum, coarse 

6. Partlde angulanty angular. subangular, subrounded, rounded 
7 Partlde :.hape (1f appropnate) ftat, elOngated. ftat and elongated 
8 Maxomum paniCle size or domensron 
9 Hardness of coarse sand and larger partiCle$ 

10 Ptasucrty or frnes nonplasloc. low medoum. h1gh 
11 Dry strenglh. none, low, medoum, hogh very hrgh 
12. Dilatancy- nono, slow, rapod 
13 Toughnoss. IO.v med•um. h'9h 
14 Color (rn TTlOISl condohon) 
15 Odor (menuon only II organiC or unusual) 
16 Morsture· dry mo•sl, wei 
17 Rcac.!JOn wHn HCI. none weak, strong 
For ~ntact snmp/es 
18. ConsiStency (fine-graoned sools onty)· vory sort. soft. firm, hard, very hard 
19 Slruclure stratof.ed. lamrnaled, fossured, slickenSided lensed. homo-

geneous 
20 Cemenlatoon : weak, moderale. strong 
21 Local name 
22 GeologiC onterpretatoon 
23. Add•Uonal comments presence or roolS or root hOles presence of miCa 

gypsum, etc., surface coaltngs on coarse1)raoned particles, CBVIIlQ or 
sloughong of augor hole or trench sides, difficulty on augerong or exca'laUng. 
etc. 

u--e<H2M HJ/5~58001 . ~. LAo 
Nallo<- ~011225liMOT 
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16.2 	in the soil description, the soil is identified using a 
classification group symbol and name as described in Test 
Method D 2487. it must be distinctly and clearly stated in log 
fonns, summary tables. reports. and the like. that the symbol 
and name are based on visual-manual procedures. 

17. Precision and Bias 

17.1 This practice provides qualitative information only.  

therefore, a precision and bias statement is not applicable. 

18. keywords 

18.1 classification: clay; gravel: organic soils: sand; silt: soil 
classification: soil description; visual classification 

APPENDIXES 

(Nonmandatory Information) 

XI. EXAMPLES OF VISUAL SOIL DESCRIPTIONS 

X1.1 The following examples show how the information 
required in 16.1 can be reported. The information that is 
included in descriptions should be based on individual circum-
stances and need. 

X1.1.1 Well-Graded Growl with Sand (G W I—About 75 % 
line to coarse, hard, suhangular gravel: about 25 % fine to 
coarse. hard, subangular sand; trace of fines; maximum size, 75 
mm. brown. dry: no reaction with 11C1. 

X1.1.2 Silty Sand with Gravel (SNP—About 60 °a predomi-
nantly tine sand: about 25 % silty tines with low plasticity, low 
dry strength. rapid dilatancy, and low toughness; about 15 % 
fine, hard, subrounded gravel, a few gravel-size particles 
fractured with hammer blow; maximum size. 25 mm; no 
reaction with [ICI (Note--Field sample size smaller than 
recommended). 

In-Place Conditions—Firm, stratified and contains lenses of 
silt I to 2 in. (25 to 50 mm) thick, moist, brown to gray; 
in-place density 106 Ib/f13; in-place moisture 9 %. 

X1.1.3 ()Tunic Soil (OIJOH)—About 100 % fines with 
low plasticity, slow dilatancy, low dry strength, and low 
toughness; wet, dark brown, organic odor; weak reaction with 
lICI. 

XI.1.4 Silty Sand with Organic Fines (SR)—About 75 % 
tine to coarse. hard, subangular reddish sand; about 25 % 
organic and silty dark brown nonplastic fines with no dry 
strength and slow dilatancy; wet; maximum size. coarse sand: 
weak reaction with HCI. 

X I.1.5 Poorly Graded Gravel with Silt. Sand, Cohble.s• and 
Boulders (GP-GAP—About 75 % fine to coarse, hard, sub-
rounded to subangular gravel; about 15 °,/,3 fine, hard, sub-
rounded to subangular sand; about 10 % silty nonplastic fines; 
moist, brown: no reaction with Ha: original field sample had 
about 5 % (by volume) hard, subrounded cobbles and a trace of 
hard, subrounded boulders, with a maximum dimension of 18 
in. (450 mm). 

X2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE. CLAYSTONE, 
SHELLS. SLAG. CRUSHED ROCK, AND THE LIKE 

X2.1 The identification procedure may be used as a 
descriptive system applied to materials that exist in-situ as 
shale. elaystone, sandstone, siltstone, mudstone. etc.. but con-
vert to soils after field or laboratory processing (crushing, 
slaking, and the like). 

X2.2 Materials such as shells, crushed rock, slag. and the 
like, should be identified as such. However, the procedures 
used in this practice for describing the particle size and 
plasticity characteristics may be used in the description of the 
material. If desired, an identification using a group name and 
symbol according to this practice may be assigned to aid in 
describing the material. 

X2.3 The group symbols) and group names should be 
placed in quotation marks or noted with some type of distin-
guishing symbol. See examples. 

X2,4 Examples of how group names and symbols can be 
incororated into a descriptive system for materials that are not  

naturally occurring soils are as follows: 

X2.4.1 Shale Chunks 	Retrieved as 2 to 4-in. (50 to 100- 
mm) pieces of shale from power auger hole, dry, brown, no 
reaction with HCI. After slaking in water for 24 h, material 
identified as "Sandy Lean Clay (C'L)": about 60 % fines with 
medium plasticity. high dry strength, no dilatancy, and medium 
toughness; about 35 % fine to medium, hard sand: about 5 % 
gravel-size pieces of shale. 

X2.4.2 Crushed Sandstone--Product of commercial crush-
ing operation: "Poorly Graded Sand with Sill (SP-SM)"; about 
90 % fine to medium sand; about 10 % nonplastic fines; dry. 
reddish-brown, strong reaction with HCl. 

X2.4.3 Broken Shells—About 60 % gravel-size broken 
shells; about 30 % sand and sand-size shell pieces; about 10 % 
fines; "Poorly Graded Gravel with Sand (GP)." 

X2.4.4 Crushed Rock—Processed from gravel and cobbles 
in Pit No. 7: "Poorly Graded Gravel (GP)"; about 90 % line. 
hard. angular gravel-size particles; about 10 % coarse, hard, 
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I h ~ II , 111 the '~1il Je,cripllon. the soli 1s •denutlcd usmg ,, 
da-.silication group symbol and name as de-.crihed in Test 
,\1cthod D 24).;7, ll must be distinctly and clearl) stated in log 
limn,, summar: tables, reports. and the like. that the ..,~ mbol 
and name are based on ' 1sual-manual pwcedur.:' 

17. Precbion and Bia~ 

17 I Tb1s pracuce prm 1dcs qualitative inli.mnation only. 

thcreli.1re. a precision and bia-. stato.:ment 1' not applicablo.: . 

18. k.C\ \\· Ord ~ 

I S. l da'-SI.k.lllon: clay: gr..l\ cl : llrganic 'oib: -.and, ;,ilt: snil 
dassilication: 'oil de-.cription: visual classilkation 

! 'onmandat or~ Information) 

\.1. lX.\'II'ltC..OFVI~l-\1 OIL OESC'RIPliOI\ S 

X 1.1 The following c:o.amples show ho" the inli.1rmation 
required in 16.1 can be ro.:portcd J'ho.: mfom1ation that 1s 
included in descriptions should be bi!s.:d on individual Circum
stance-. and need . 

X 1.1 . 1 We/1-Gwdcd Gnn·elll'lth .'>,md (GII'J \ bout 75 % 
line to coarse. h<~rd. suhangular gravel. about 2:'\ " line to 
CNlr'>e. hard. subangular sand: trace offines: ma\.lmum s1zc, 7"1 
mm. brO\\ n. dn no reactwn wnh II( I. 

X 1.1.2 S1ill Sum/wah Grmd fSHJ - About 60 % predomi
nant!) line 'and. about 2'i 0 u silty fines\\ 1th IO\\ plasticity. Ill\\ 
dr:· strength. rap1d dilatancy. and 10\\ toughness. about 15 o,;, 
line. hard. "\Ubroundcd gra,·e l, a k\\ gravel-,lle particles 
fractured '' 1th hammer bl<l\\. ma\unum ,,ze. 25 mm. no 
reactiOI \\ ith IICI ( t'\ote r lcld sample 'i17e \lnaller than 
rewmmcnded l 

In· Plan Con./llwn' firm. stratified and contains lenses of 
-.ill I to 2 m. ( 25 to 50 mm) th1ck. mo1st. brO\\ n to gray: 
in-place dens it~ I Oo lb h . m-place moisture 9 ° o. 

X 1.1.3 Organic Soil (()L Of IJ About I 00 % tine~ with 
)(1w plasticity. slow dllawnc~. low dry strength. and lm' 
toughnt:ss; '' et, dark bro\\ n. orgamc odor: weak reaction '' Hh 
IICI 

A. I I 4 Silty ,<;,md with (h:t.:anh· Fine' rSMJ About 75 '!o 
fine to coarse. hard. subangular reddi~h sand: about 25 % 
organic and silty dark bTO\\ n nonplasuc fines wllh no dry 
:.tn:ngth and siO\\ dilatancy. \\et ; maximum :.i/e. coar:-e :-.and: 
weak reaction ''llh IIC I 

X I 1.5 Poor/; Graded Gm1·e/1rith Silt, !l'anJ. Cohhle.1 and 
Bouldl'n rGP-GMJ - About 75 % tine to coarse. hard. sub
wundcd to subangular gravel: about 15 °·o tine. hard. suh
ruunded tu :-.ubangulilr sand: about 10 % ,iJty nonplastic line:.; 
moist. br~mn : no reactiOn \\ith IICI: original field sample had 
about 5 % (by volume) hard. subrounded cobbles and a trace ot 
hard. subrounded boulders. '"1th a max1mum dimensiOn of IX 
in. (450 mm). 

\.2. lC..I'(, THEIDL:\TIH( \f10' PRO('(OlRI' \ S \ DESCRII' TI\E<.,\C.,lf<\.1 FOR~II\lf . C'l \'STO,f . 
"liE l L~ . ._,, \ ( ,. CRl C..lll 0 IW{ h.. "D I Ill llh.l'.. 

\2 I rhe Identification procedure may b~· used as a 
deslnptl\ e sy~tem applied to mateni!ls that e\i~t In-situ as 
shale. claystone sandstone siltstone. mudstone. etc .. but con
' ert to soils after fie ld or laboratory proco.:ssmg (cmshing. 
slakmg. and the like). 

\2.2 \laterials such as shells. cmshed rock. slag. and the 
like. should be idenufied as such. IIO\\en:r. the procedure~ 
used 111 th1s prac:t1ce fur dcscribmg the particlt: siu and 
plastiCity characteristics ma:r be used m the description of the 
material. If de,ired an 1den11licallon using a group name and 
symbol accordmg to this pract1cc m•IY be assigned to a1d 111 

desaibing the matcnal 

X2.3 The group symbol(s) and group names should be 
placed 111 quotauon marks or noted with some type of distin
glll'>hmg symbol ~ee examples. 

\2 4 E\amples of lum group names and symbols can be 
mwwrated 11110 a des.:riptl\ e system f()r materials that arc not 

mgll!MTM~~ 
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naturalh. occurnng sods an.~ as follows: 

X2A I S'Jwh• ClumJ..1 Retne\ cd as 2 to 4-in (50 1\) I 00-
mm l p1c~es of shale from powc:r auger hole, df}. bro\\ n. no 
reactiOn With IICl .<\fter slakmg in water fhr 24 h, nHllenal 
1dent1lled as "Sand:r Lean Clay (Cl.l": about 60 % tines \\ ith 
medium plasllcll'. high dry strength. no dilatancy. and mediUm 
toughness: about 35 % fine to medium. hard -.and: <~bou t 5 % 
gra' el-sile pieces of shale 

.\2 4.2 Crt11hed Sandstone Product of commercial cmsh
mg operation: "Poorl} Graded Sand With~~~~ (SP-S\1)". about 
90 % line to medium -;and. Jbout I 0 • • nonpiJsllt. lines: dry. 
redd1sh-bro\\ n. strong reaction with IICI 

X2 4.3 Brnk£'n Shells -\bout 60 ° 'o gra' el-'>llC broken 
shelb. about 30 o,, 'and and si!nd-sl.te shell p1eces. about I 0 % 
fines. "Poorly Graded Gra\el w11h Sand (GP!.'' 

>.14 4 CrushC'cl l?ock Proce"\Scd from gra'd and cobbles 
111 P11 '\o. 7: "Poorly Graded Gra\cl (GPJ": about 90 "·n line. 
hard. angular grawl-s11c: particles: about I Cl % coarse, hard, 

L~MIU'S960453001 va-c.n.< Lisa 
-lotR- -'?005082258 t.IOT 
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angular sand-size particles; dry. tan: no reaction with I ICI. 

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE 
IDENTIFICATIONS. 

X3.I Since this practice is based on estimates of particle 
size distribution and plasticity characteristics, it may he diffi-
cult to clearly identify the soil as belonging to one category. To 
indicate that the soil may fall into one of two possible basic 
groups. a borderline symbol may be used with the two symbols 
separated by a slash. For example: SC,CI. or CL/C11. 

X3.1.1 A borderline symbol may be used when the percent-
age of fines is estimated to be between 45 and 55 %. One 
symbol should be for a coarse-grained soil with lines and the 
other for a fine-grained soil. For example: GM/ML or CL/SC. 

X3.1.2 A borderline symbol may be used when the percent-
age of sand and the percentage of gravel are estimated to be 
about the same. For example: GPSP. SOGC, GM'SM. It is 
practically impossible to have a soil that would have a 
borderline symbol of GW/SW. 

X3.I .3 A borderline symbol may be used when the soil 
could be either well graded or poorly graded. For example: 
GWIGP. SW'SP. 

X3.I.4 A borderline symbol may be used when the soil 
could either be a silt or a clay. For example: CL/ML. CII/MI I. 
SC/SM. 

X3.1.5 A borderline symbol may be used when a fine-
grained soil has properties that indicate that it is at the 
boundary between a soil of low compressibility and a soil of 
high compressibility. For example: Clint MII/ML. 

X3.2 The order of the borderline symbols should reflect 
similarity to surrounding or adjacent soils. For example: soils 
in a borrow area have been identified as CII. One sample is 
considered to have a borderline symbol of CL and Cll. To 
show similarity, the borderline symbol should be 

X3.3 The group name for a soil with a borderline symbol 
should be the group name for the first symbol, except for: 

CLJCH lean to fat clay 

ML/CL clayey silt 

CLIME silty clay 

X3.4 The use of a borderline symbol should not be used 
indiscriminately. Every effort shall be made to first place the 
soil into a single group. 

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL. SAND. 
AND FINES IN A SOIL SAMPLE 

X4.I Jar Method—The relative percentage of coarse- and 
tine-grained material may be estimated by thoroughly shaking 
a mixture of soil and water in a test tube or jar, and then 
allowing the mixture to settle. The coarse particles will fall to 
the bottom and successively finer particles will be deposited 
with increasing time: the sand sizes will fall out of suspension 
in 20 to 30 s. The relative proportions can be estimated from 
the relative volume of each size separate. This method should 
be correlated to particle-size laboratory determinations. 

X4.2 Visual Method—Mentally visualize the gravel size 
particles placed in a sack (or other container) or sacks. Then. 
do the same with the sand size particles and the fines. Then, 
mentally compare the number of sacks to estimate the percent-
age of plus No. 4 sieve size and minus No. 4 sieve size present. 

The percentages of sand and fines in the minus sieve size No. 
4 material can then be estimated from the wash test (X4.3). 

X4.3 Wash Test (for relative pen:entages of sand and 
finest—Select and moisten enough minus No. 4 sieve size 
material to form a I-in (25-mm) cube of soil. Cut the cube in 
half. set one-half to the side, and place the other half in a small 
dish. Wash and decant the fines out of the material in the dish 
until the wash water is clear and then compare the two samples 
and estimate the percentage of sand and fines. Remember that 
the percentage is based on weight. not volume. However. the 
volume comparison will provide a reasonable indication of 
grain size percentages. 

X4.3.I While washing, it may be necessary to break down 
lumps of fines with the finger to get the correct percentages. 

X5. ABBREVIATED SOIL CLASSIFICATION SYMBOLS 

X5.1 In some cases, because of lack of space. an  abbrevi-
ated system may be useful to indicate the soil classification 
symbol and name. Examples of such cases would be graphical 
logs, databases, tables, etc. 

X5.2 This abbreviated system is not a substitute for the full 
came and descriptive information but can be used in supple- 

mentary presentations when the complete description is refer-
enced. 

X5.3 The abbreviated system should consist of the soil 
classification symbol based on this standard with appropriate 
lower case letter prefixes and suffixes as: 

Pretax: 	 suffix. 

CopynoN ASTU Olornabonol 
	 to 

Nocrockesob4 IHS WNW WNW vo0,4,STIA 
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angular ~and-s11c panicks: dry. tan: no rcactllln with II( I 

\.3. "LGGESTEO PROCE Dl Rr fOR l ~ 1'\G \ BOrWF RLI '\ E '-.' '\JBOL fOR '-.011 ~ \\ I fll l\\ 0 PO'i~l BU. 
IDE..:\ lTI K \ fiO"'i~. 

X3. I 'iwce thts practice is based llll cstnnatcs or panicle 
s11c: dt-;tnhu• tun and plasticity characteristic .... it may be dilli
cult to ckarly tdcntify the sotl a-. belongmg to one category. To 
indkate that tht.: sotl may fall mto one of t\\ 0 posstble basic 
groups. a borderltne symbol may bt.: used wuh the two symb(lls 
-..cparateJ by a slash ror example. SC C l. or CL Cll 

X3. 1.1 A borJerhne symbol may be used ''hen the percent
age of fines ts t.:stimated to be bet\\een 45 and <i'i u.u One 
symbol shou ld be lor a coarse-grained sutl "uh hnes anJ the 
other lor a line-gr:uned sot I Fllr example· Gr..! v1L or CL \( 

X3.1.2 ,\horde rime S) mbol may he used '' ht.:n the percent
age of sand and the percentage uf ~ra\ el .tre esumatcd to he 
ah1'UI the same. I or C\ amplc: G P SP <.;( GC. C1 \ 1 S~t It i' 
praeucally itnpllsstble to ha\'C " sot! that would ha\ c a 
hMderline s~ mbol of G'N S\\-

X3.1 3 A horderhne symbol may be used "hen the soi l 
could be t.:llhcr well graded or Jllll1rl) graded r or examplc: 
G\\' GP. S\\ ')P 

X3 I 4 \ borderline symbol may be u'cd when the ,oil 
could etthcr be a si lt or a clay. For e\amplc: CUML Cll \ 11 1. 
'iC S'vt 

x:u .5 ,\ borderline symbol may be m.cd when a line
gramcd -..oil has propcnics th::n indic:ue that it 1s at the 
houndary hctween a soil or lov. compn:s-..1hll tt} and a ~1111 of 
high compressibility. For example: CLJCII. ~111 :-.n. 

A.J 2 The order of the bordcrline symhols should rencct 
similarity Ill ~urrounding or adpcent soib For example: sotls 
in a borrow area have been idcntiticd as Cll. One sampk 1~ 
considered to have a borderlme symbol of CL and Cl l. ·ro 
sho" simtlarity. the hordcdme symbol should be ( II1Cl •. 

XJJ The group name lor a so1l wuh a hurderltne symh1'l 
"hould be the group name ltlr the hrst s} mhlll, C\cept lur: 

Cl Cl l lean to fat clay 
\ltl CL clayey silt 
CL .\11. silty clay 

X3.4 J"he use of a border! me S) mblll 'hould not bd used 
indiscriminately. Every cllort shall be made to tirst place the 
soi l inlll a smgle group. 

'\~ . lGGEST LO PROC EDl Rl.~ FOR EHI'\1 \ 1 " G Till Pl.RCL\ r \G[~ 0 1 C.R \\ El. • .., \ '\ D. 
\ '\ D FI'\ E~ I'\ \ ..,OI L ..... \ " PI.L 

X4.1 Jar M(·tlwd- The relati\e percentage ol coarse- and 
tine-grained material may he estimated h) th(lWUI,!hlv shakmg 
a mi\ture ot soil and water in a te"t tube or jar. and then 
allowmg the mi\ture to senle rhe coarse panicle~ \\ Ill fa ll to 
the bottom and successl\ cl} finer punicle~ \\ill be deposited 
with maeas tng tunc. the sand st7e' will fa ll out ot suspenswn 
in 20 to 30 s. The relat tvc pruponions can be estimated from 
the relauve \'Oiume of each s11e separate. This method should 
be correlated to pa111cle-st/C laboratol} detenninallons. 

\4.~ li.lual Method 'vlentally 'isualize the gravel s11e 
parttcles placed in a sack (or other container) or sacks. Then. 
do the same \\ 1th the sand site pan1des and the hnes. !"hen. 
menta II~ Cl'mparc the number of sacks to estimate the percent
age ol plus t\o. 4 slc\e stle and mums :\o. 4 sicw s11c present. 

The pcn:cntage-. of sand and line-. m the minus stc\ c .,,/e t\o 
4 material can then be estimated fwm thc wrtsh test ( \4 ~ 1 

X4 1 ll.r'h 7i.•.\t (for n:lam·e pern nt-lg< ~ o( .\tllld aud 
fme.H 'elect and moi-.tcn enough mmus '\o 4 siC\'e '1/e 
matenal to lhnn a l -in ( 25-mm) cube ol sml Cut the 1.ube in 
huff. set one-half to the s1de. and place the other half 111 a ~mall 
dtsh. \\'ash and decant thc tines out or the material 111 the dish 
until the \\ash \\ater is clear and then compare the two 'amplc.. 
and estimate the percentage of sand and lines. Remember that 
the percentage 1s based on wc:ight. not volume. llowe,·er. the 
volume companson \\Ill provide a rcasonablc mdtcatton of 
gr.tin si1c percentages 

X4.3.1 \\htlc \\ashmg. it may be nccc,sary to break d1mn 
Jumps of fines "ith the finger to get the correct percentages. 

'1:5. \ B8RI· \ I \TEO ~Oil Cl \ SSIFI( \110 \ SYI\IBOl \ 

X5.1 In some cases, because of lack of space. an abbre\1-
ated sy~tcm may be useful to indicate the -.oil class1ticatton 
S) mbol and name l \amples of such cases would be graphic:~! 
lo~-.. databases. table~. etc 

'\' ~ Thi-. nhbre\ iated system 1s not a o;ubstttutc f(lr the full 
name and descnptl\ c inlom1ation but can be used in supple-

~ognl ASTI.C ,..._,.1 
~Dl' liS~~wlhASN 
No)t~Oif'MwO"'<.ng~'*'IP'IOIA licenMtrom IHS 
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mentary presentations \\hen the complete dcs~.:ription is rckr
enced. 

X5.3 The abbreviated system should cons1st of the suil 
dass1fication symbol based on th1s standard wnh appropriate 
lo\\ er ca-.e Jcuer prell\es and suffi,es as 

l.......O<:I" ~58COI.UMPc..- Uoo 
""',.,- OMW2005 oe 22 5e ... or 

Su!f<x. 



45/1 D 2488 

s 	sandy s = with sand 
Grave Symbol and Full Name Abbreviated 

g 	gravelly g - with gravel CL, Sandy lean clay s(CL) 
c 	with cobbles SP-SM. Poorly graded sand with silt and gravel (SP-SWg 
b 	with boulders GP, poorly graded gravel with sand. cobbles. and 

boulders 
ML gravelly silt with sand and cobbles 

(GP)scb 

g(ML lst 
X5.4 	The soil classification symbol is to he enclosed in 

parenthesis. Some examples would be: 

SUMMARY OF CHANGES 

In accordance with Committee DI8 policy, this section identifies the location of changes to this standard since 
the last edition (1993" l that may impact the use of this standard. 

I Added Practice D 3740 to Section 2. 	 t 21 Added Note 5 under 5.7 and renumbered subsequent notes. 

The American Society for Testing and Materials takes no position respecting the validity or any patent rights asserted in connection 
with any stern mentioned in this standard Users of this standard are expressly advised that determination of the validity of any such 
patent rights. and the risk of infringement of such rights. are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee arid must be reviewed every five years and 
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5 sandy 
g gravelly 

5 wnh sand 
g With gravel 
c w1th cobble~ 
b .,.,,th boulders 

X5.'1 rh~ ..;otl cla ...... itkaliun 'i\'lllhol IS Ill be endosed in 
parcnth6ts Some C\ample-.. \\ould be: 

Group Symbol and Full Name 

CL. Sandy lean clay 
SP-SM, Poorly graded sand w•th silt and gravel 
GP. poorly graded gravel with sand cobblos, and 
boulders 
Ml gravolly s•lt w1th sand and cobbles 

Abbreviated 

s(CL) 
(SP·SM)g 
{GP)scb 

g(Ml)sc 

In accordance wnh Committee D f X policy, this 'ectton idcnttfie!> the location 1lfchangc-.. to thts standard sim:l! 
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Standard Test Method for 

Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils' 

This standard is issued under the fixed designation 13 1586: the number immediately following the. designation indicates the year of 
original adoption or, in the ease of revision, the year of last revision A number in parentheses indicates the year of Inst reappmval. A 
superscript Cpsttrie lel indicates an editortal change since the last revision or reappnotai. 

vtandard leas been aaprrnrd fur air ley agencies of der Drporunrta of Drirnst 

1. Scope* 

1.1 This test method describes the procedure. generally 
known as the Standard Penetration Test (SPT). for driving a 
split-barrel sampler to obtain a representative disturbed soil 
sample for identification purposes, and measure the resistance 
of the soil to penetration of the sampler. Another method (Test 
Method I) 335(1) to drive a split-barrel sampler to obtain a 
representative soil sample is available hut the hammer energy 
is not standardized, 

1.2 Practice I) ioc, gives a guide to determining the nor-
malized penetration resistance of sands for energy adjustments 
of N-value to a constant energy level for evaluating liquefac-
tion potential. 

1.3 Test results and identification information are used to 
estimate subsurface conditions for foundation design. 

1,4 Penetration resistance testing is typically performed at 
5-foot depth intervals or when a significant change of materials 
is observed during drilling, unless otherwise specified. 

1.5 This test method is limited to use in nonlithitied soils 
and soils whose maximum particle size is approximately less 
than one-half of the sampler diameter. 

1.6 This test method involves use of rotary drilling equip-
ment (Guide D 3783, Practice I) 6131). Other drilling and 
sampling procedures (Guide I) (1286, Guide I) 6169) are avail-
able and may be more appropriate. Considerations for hand 
driving or shallow sampling without borehole% are not ad-
dressed. Subsurface investigations should he recorded in ac-
cordance with Practice 0 5-4 .1-1_ Samples should he preserved 
and transported in accordance with Practice 0 .1.1211 using 
Group B. Soil samples should be identified by group name and 
symbol in accordance with Practice I) :_'488. 

1.7 Ali observed and calculated values shall conform to the 
guidelines for significant digits and rounding established in 
Practice I) 6026. unless superseded by this test method. 

1.8 The values stated in inch-pound units are to he regarded 
as standard. except as noted below. The values given in 

` This method is under the Jurisdiction of ASTM Committer D I8 on Soil and 
Rock and is the direct responsibility of Subcommittee 018.02 on Sampling and 
Related Field Testing for Soil Evaluations. 

Current edition approved Feb. t. 217x18. Published March 2008. Originally 
approved in 1958. Last previous edition approved in 1999 as D 15/th - 99. 

parentheses are mathematical conversions to SI units. which 
are provided for information only and are not considered 
standard. 

1.8.1 The gravitational system of inch-pound units is used 
when dealing with inch-pound units. In this system. the pound 
(lbf) represents a unit of force (weight). while the unit for mass 
is slugs, 

1.9 Penetration resistance measurements often will involve 
safety planning. administration• and documentation. This test 
method does not purport to address all aspects of exploration 
and site safety. This standard does not purport to address all of 
the safety concerns, if any. associated with its use. It is the 
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Performance of the 
test usually involves use of a drill rig; therefore. safety 
requirements as outlined in applicable safety standards (for 
example. OSHA regulations.2  NDA Drilling Safety Guide.' 
drilling safety manuals, and other applicable state and local 
regulations) must be observed. 

2. Referenced Documents 
2.1 ASTM Standards: 
1)(s5 .1 Terminology Relating to Soil. Rock, and Contained 

Fluids 
D 854 Test Methods for Specific Gravity of Soil Solids by 

Water Pycnometer 
D 1587  Practice for Thin-Walled Tube Sampling of Soils 

for Geotechnical Purposes 
D 2 .21 ft Test Methods for Laboratory Determination of Wa- 

ter (Moisture) Content of Soil and Rock by Mass 
I) 2487 Practice for Classification of Soils for engineering 

Purposes (Unified Soil Classification System) 
I) 2488 Practice for Description and Identification of Soils 

Available from Occupational Safety and Health Administration (OSHA), :tat 
Comtitution Ave.. NW. Washington. DC 20210, http://wwwintha.gov  

Asculable from the National Drilling A.s.sociation. 3511 Center Rd.. Suite 8. 
Brunswick, OH 44212. httpdhyvvw rida4a.com. 

For referenced ASTM standards. visit the ASTM WalSi1C. WWWALNIT11.01g. or 
contact ASTM Customer Seri ice at wrcieekrastm.org  Fur Annual Rook of ,ASTM 
Standards volume information, refer to the standard's Document Summary page 4,0 

the ASTM vechsitt. 

'A Summary of Changes section appears at the end of this standard. 
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Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils1 

ltn• ~t.m<l.u.l 1< ""'"'J unJer the fhc..l d~SIJ;U.ttum D 15X(>, th~ num~r tmntnlt~rely lulluwmg the de"llnauon mJacatc' the year uf 
nngtnJI ,uJnpuunl•r. tnthc •a~ of rc• i~ton. the y~ar nl la't rc\lstun ,\number 111 I'Jrcntlw'~' indt,.ttc:' rhe )Cat of Ja,t rc:Jpprmal ,\ 
'upcr,"npl C'p,llt~n (E) 1nd1"'"ah~' M c:Jnun~tl d~otng'-~ 'tnfo7(' 1hc Ja,t n:vhion 01 rc:.pprtl't·al 

1/u• ""'"''""fun b~t'll U/'fJn>•·~d {r~r u.>t' h1 "~'''" I<'J •iftiU" f><'tJ<trtmrnt c•f lldcmc 

I. ~cope• 

I I This te~t method de,cribe.., the pnxcdure. generally 
kn<m n a' the St.mdard Penetration Te-.t ('iPT). for driYinl! a 
-.plit-harrel -.ampkr to obtain a repre..,cntatl\ e di-.turhcd ~oil 
,,unple for identification purpo-.cs. and mea,ure the rcsi,tance 
ol the 'oil to penetration of the 'ampler .1\mlther method CTht 
~lethoJ D ~5~0) to Lime a -.plit-barrel -.amplet to tlht:un a 
repre,entauve -.oil ... ample 1.., a' ail able hut the hammer energ} 
1' nnt 'tandan.lited. 

1.2 Praeta:c D I 1!1\C, a !!Uide to determminl! the nor-
malited penetration re-.t~tanl:e of ... and, for energy <tdtustmenh 
ol ~-value to <1 con-.tant energy leYel for C\'aluating liquefac
llnn potential. 

1.3 Te-.t re~ults and iuenttticatton informal!on arc u-.cd tn 
c ... tunatc -.ubsurlal:c t"ondltton.., lor foundation de,ign. 

1.4 Penetration re"i,t.tncc tc-.ting 1' t) pll'ally perfonncd ut 
5-lout depth tnten al ... m when a 'igniticunt eh<tnge of materials 
I' t''"cncd during drilling. unJt:..,, othem ise 'fX't:ilicd. 

l 5 TI1i-. test method 1-. limited to u'e in nnnlithttied -.oib 
• md '011-. whose lll<l\irnum panide '\1/C i' appm\imatel} le-,, 
than one-half of the -,ampler diameter 

1.6 Thl'> te't method tn\·ohes u-.e of rot:try dnlhng equtp· 
ment CG111de D" x '· Pracuce ) 151 ). Other dril hng and 
~amphng procedures IGutde 6. Gui<.le () (: ' ) are a\ ail
able .tnd ma) he more appropriate. Con,iueratinn' for hand 
drn mr 11r 'halhm ... amphng \\ ithout borehole-. arc nm ad
drcs,cd Sul't-.urlal'e im e-.ugalltm-. ,110uld he rcenrded in a.::
cordant"e wnh Practtce [) "4 Samples -.hould be pre-.en ed 
and transl"lllneu 111 ael·orll<llll'C \\ tth Pradll'C ) ~2 · U'>ine 
Gmup B. Soli sarnpb -.hould be identilied b) group name and 
s;.mhol 111 accordance With Pr<tcticc I) 2• 

I. 7 .\II ohsen cd and calculated ,·a]uc ... shall wnfonn to the 
gu1dehnes for -.1gmheant digit-. and rounding estahli-.hed in 
Practice I 2(1. unle'>'> SUJ'lt!r..,eded h) this te't method. 

I.S The \'alues ... wted 111 inch-pound un1h are tu he regarded 
,,, st<tndard. except "' noted below. The \alue-. g1\en in 

lht• mcthoJ '' un.J.:r the JUrl\dtCIIl>rt <>I ,.\Sl\1 Cmnnun,· llll\ <>n Sutl an.J 
R • .:~ anJ 1< th~ thre.-t r<'l"""'htht) nf Sul..-ommtnec lllloi.ll~ un S•mrhng anJ 
Related f'kld Tc•tmg, for \<>il buluatwn' 

Current ed1tiun apprnwtl f't:h I, 10US Pullltshed ~.m:h ~llllX , On~malh 

P('JirO\N 10 IQ~X. t_..,t pre"'"" C•lllh>o appnncd 111 1!1\1'1 11.' D l:'iXt.-'1'),. . 

parenthc ... es are mathematical conver~ion'> to Sl umh. \\hteh 
arc provtdcd for mforrnation only and are not eon,idered 
'tandard. 

1.1). 1 fhe gra' itational '}-.tern ot 1nch-pound llllth j, u-.ed 
"hen Jeahng w11h mch-pounu unit~. In thts -.ystem. the pound 
(lhrt reprc ... cnt ... a umt ol force ( weightl. while the urut tor 111<1'-' 

I'- ,Jug' 
I 9 Penetration re'i'tancc mca,uremenh often \\til invohe 

'alet) planmng. admmi ... tration. and documentation. Tht' re ... t 
method Joe' not purpon In addre" all ~"J'lCCh ol e\plnr<~tton 
and -.itc ,afet;.. This standard doeJ not purport w addn•'·' all of 
tht• mjcn cmrcems. d till_\, auociated 1rith itJ Ill<'. It i.1 tire 
rt'lpollsihilitY of tlw user oj tl11.1 ltll!ldard 10 e\lahh111 appm
prillle \CI}t•ty and lreultlr prac·ti< <'\ cmd deu•munt• til< llfl[llica
hilrty of rn~ulaton limrtmiom prior to 11w. Pcrfonnance ol the 
tC'>t uwally mvoh·es u .. e ol' a dnll ng. therefore. ,alct~ 

requircm~:nt-. a-. outlined in applicable -.afet) -.tandard' (h1r 
c\ample OSHA regulauon~.l ~DA Dnlhng )alcty Gu1de, 1 

dnlhng -.atct) m<tnuah. and other applicable .. tate und h1cal 
regulation-.) must ~ oh,cned . 

2. Referenced Documenh 

2.1 t1 ST"-1 Swndurd1. 1 

D Tcm1inology Relating to Sotl Rock. and Contained 
FlUid' 

D !i'i lt!'t Method., for )pc~:tfic Gra\'lly ol Sotl )tliJJ-. hy 
Water P} (. nometcr 

[) 15R7 Practice for Thm-\\'alled Tube Sampling ol )o(, 
lor Gcotet.:hnKal Purpo'e' 

I> fc<;t ~1ethod~ for Laburatol) Detenmnatmn til \\'a-
ter (Mot'>turcl Content ol Soli and Rock by Ma-.s 

I> Pracuce lor Cla\\lfllallon of Sotl\ lor I ngincerin" 
Purpo\C'> (Unilied Soil Cla.,...ltication Sy,teml ~ " 
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(Visual-Manual Procedure) 

I) 3550 Practice for Thick Wall, Ring-Lined. Split Barrel, 
Drive Sampling of Soils 

I.) 3740 Practice for Minimum Requirements for Agencies 
Engaged in the Testing and/or inspection of Soil and Rock 
as Used in Engineering Design and Construction 

1) 4220 Practices for Preserving and Transporting Soil 
Samples 

1)4633 Test Method for Energy Measurement for Dynamic 
Penetrometers 

1)5434 Guide for Field Logging of Subsurface Explora-
tions of Soil and Rock 

1) 571 Guide for Use of Direct Rotary Drilling with 
Water-Based Drilling Fluid for Geoenvironmental Explo-
ration and the Installation of Subsurface Water-Quality 
Monitoring Devices 

D 6020 Practice for Using Significant Digits in Geotechni-
cal Data 

D 6006 Practice for Determining the Normalized Penetra-
tion Resistance of Sands for Evaluation of Liquefaction 
Potential 

I) 0151 Practice for Using Hollow-Stern Augers for Geo-
technical Exploration and Soil Sampling 

1) 616') Guide for Selection of Soil and Rock Sampling 
Devices Used With Drill Rigs for Environmental Investi-
gations 

I) 6286 Guide for Selection of Drilling Methods for Envi-
ronmental Site Characterization 

( )13 Test Methods for Particle-Size Distribution (Grada-
tion) of Soils Using Sieve Analysis 

3. Terminology 

3.! Definitions.: Definitions of terms included in Terminol-
ogy I) 053 specific to this practice are: 

3.1.1 cathead. n—the rotating drum or windlass in the 
rope-cathead lift system around which the operator wraps a 
rope to lift and drop the hammer by successively tightening and 
loosening the rope turns around the drum. 

3.1.2 drill rods. n—rods used to transmit downward force 
and torque to the drill hit while drilling a borehole. 

3.1.3 N-value. n—the blow count representation of the 
penetration resistance of the soil. The N-value, reported in 
blows per foot. equals the sum of the number of blows (Ar) 
required to drive the sampler over the depth interval of 6 to 18 
in. (150 to 450 mm) (see 7.3). 

3.1.4 Standard Penetration Test (SPT}. n—a test process in 
the bottom of the borehole where a split-barrel sampler having 
an inside diameter of either 1-1/2-in. (38.1 mm) or 1-3/8-in. 
134.9 rum) isee N ,tc 2) is driven a given distance of 1.0 ft (0.30 
ni) after a seating interval of 0.5 ft (0.15 m) using a hammer 
weighing approximately 140-Ibt (623-N) falling 30 	1.0 in. 
t0.76 to t 0.030 nit for each hammer blow. 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 anvil. n—that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.2.2 drive weight assembly. n—an assembly that consists 
of the hammer. anvil, hammer fall guide system. drill rod 
attachment system. and any hammer drop system hoisting 
attachments. 

3.2.3 hammer. n—that portion of the drive-weight assembly 
consisting of the 140 2 lbf (623 9 N) impact weight which 
is successively lifted and dropped to provide the energy that 
accomplishes the sampling and penetration. 

3.2.4 hammer drop system, n—that portion of the drive-
weight assembly by which the operator or automatic system 
accomplishes the lifting and dropping of the hammer to 
produce the blow. 

3.2.5 hammer fall guide. n---than part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.2.6 number of rope turns. n—the total contact angle 
between the rope and the cathead at the beginning of the 
operator's rope slackening to drop the hammer. divided by 
360' (see 1-'112. 1). 

3.2.7 sampling rods, n—rods that connect the drive-weight 
assembly to the sampler. Drill rods are often used for this 

purpose. 

4. Significance and Use 

4.1 This test method provides a disturbed soil sample for 
moisture content determination, for identification and classifi-
cation (Practices 1) 2487 and I) 2188) purposes. and for labo-
ratory tests appropriate for soil obtained from a sampler that 

will produce large shear strain disturbance in the sample such 
as Test Methods l) 854. 1) 2216, and 1) 6913. Soil deposits 
containing gravels, cobbles, or boulders typically result in 
penetration refusal and damage to the equipment. 

4.2 This test method provides a disturbed soil sample for 
moisture content determination and laboratory identification. 
Sample quality is generally not suitable for advanced labora-
tory testing for engineering properties. The process of driving 
the sampler will cause disturbance of the soil and change the 
engineering properties. Use of the thin wall tube sampler 
(Practice I) 1587) may result in less disturbance in soft soils. 
Coring techniques may result in less disturbance than SPT 
sampling for harder soils, but it is not always the case. that is. 
some cemented soils may become loosened by water action 
during coring: see Practice 1) 6151, and Guide D 6169, 

4.3 This test method is used extensively in a great variety of 
geotechnical exploration projects. Many local correlations and 
widely published correlations which relate blow count. or 
N-value, and the engineering behavior of earthworks and 
foundations are available. For evaluating the liquefaction 
potential of sands during an earthquake event, the N-value 
should be normalized to a standard overburden stress level. 
Practice 1) 6066 provides methods to obtain a record of 
normalized resistance of sands to the penetration of a standard 
sampler driven by a standard energy. The penetration resistance 
is adjusted to drill rod energy ratio of 60 by using a hammer 
system with either an estimated energy delivery or directly 
measuring drill rod stress wave energy using Test Method 
I) -to31. 

Nan, I—The reliability of data and interpretations venerated by this 
practice is dependent on the competence of the personnel performing it 

1 
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cViwal-~tanual Procedure) 

D 1'i Pra~.:uce lor Thick Wall. Ring-Lined. ')pitt Barrd. 
Dm e \ampling of Soli' 

I> ~7 Pr.tuice I1H· :\1munum Requiremenh lor -\gcncu:!\ 
Engaged 111 the Tc~ung anU/or 111\l"lCCtlllll ol Soli and Rod 
'" V'>ed m Enginecnng De-..tgn and Con,trulllun 

' ) Practi.:'t::-. tor Pre.,cning and Tran!\poning Soli 
Sample' 

' Te't ;\lethod tor Energ) Meao,urement tot D) namic 
Penetrometer ... 

D ;; H Gut de tor held Logging of <iuh,urface E'plora· 
IIUJh 111 <iml .md Rock 

D 'i7lol • Gutde tor u.,e ol Dm:ct Rotar) Drilling with 
\\',ner·B~heu Drilling Plutd lor Geoem tronmental Explo
ration and the Jn,tullauon of Suh,urface Water-Quality 
~1onitoring Devtce' 

D I Practtce tor lNng Stgmticant Digit'> in Geotechni-
cal Dat.l 

D I Practice tor Determining the '\ormalited Penetra· 
tion Rc'''tunce uf Sand-.. for E,·aJuaunn ol Liquefat.:tion 
Pntenual 

() 61'i l Pracucc tor U"ng Hollm\·Stem Auger' tor Geo· 
te.:hnil"al E\plnrauon and Sot! S.tmphng 

I> (1l6<> Gutde tor Sdei."Lton of Soil and Ro~k 1\ampling 
De\lce ... u ... ed Wnh Dnll Rtg' for Em tmnmental In\ e,u. 
gat ion' 

I> 62H6 GUide for Selection of Drilling \lethod' for Em i
ronmental Sne Charactcntation 

D6<> 1 re ... t \1ethmh for Panicle Slle [)i<;,tribution (Grada
titln ) ol ~\nth u ... mg Steve Anal\,' 

3. Terminology 

3. I D£11111/um.l: Definition' of' temh lllt.:ludcd Ill l'cnninol
og~ I 'pc~:itic to tht\ practice an:: 

3 1.1 cathc•ad. 11 the rotating drum or \\india'' 111 the 
rope-cathead lift 'Y'tcm around which the operator \\rap~ a 
rope to lift and drop the hammer by '>Ucce~"vcly ughtcmng and 
loo ... cning the rope turn' around the drum 

3.1 .2 drt/1 mds. n-rod~ u~ed to tran-.mtt dowm\ard force 
and lllfl(Ue 10 the drill hll whtlc Jrilltll)! a horeh0Je 

3.1.3 N-ra/11t. 11 the hlov. Ctlunt reprc~entatinn nt the 
penetration re'l~tan~:e of the 'oil. The N-\,llue. reported tn 
hh.'"' per toot. equab the ... um of the number of blow' (j\) 
reqUired 10 drive the 'ampler over the depth interval of 6 to I H 
in ( 150 to 450 mm) ('>ee 7 1 ) . 

3. 1.4 S1amlard Pmetratwn 1't H ( SPTJ. n-a test proce"' 111 

the bottom of the borehole \\here a 'Piit-barrcl '>ampler ha\ mg 
an in,ide Jtameter of etthcr 1-1/2-in !38 I mml m 1-J/8·in . 
(3-JlJ mml ... ec '\ote. ) i' dnven J !!1\cn d"tance of 1.0 It (IUO 
ml alter a 'eaung tntcnal of 0.5 It t0. 15 m) u ... mg a hammer 
\\Cighmg ~tpprtl\imatel) 140 lht 162~-\ l !;tiling JO ::: 1.0 in. 
t0.7o m -:: O.llJO ml tm ea~.:h hammer hiO\\ 

3.2 l>ejmitio11.1 of hrm.1 Spec(fic 111 This ~tcmclard: 

J 2.1 anl'il. n- th at pon10n of the dm e \\Ctght a''emhl) 
whi~:h the hammer '>tnke' and through which the hammer 
energy pa,,c, into the drill rod .... 

- A$lloii-
"''w•dad b\0 1HS ~ a.oen. ..,:en ASn.
o•_Ot_"''J _ _,._ ,_IHS 

.~ 

5.2.2 dnn• a n~/11 as\cmhly. n- an "''emhly that con'i'h 
of the hammer. an.,.il. hammer f<tll gutde :.}'tem. drill rod 
attachment ')'tem and an) hammer ornp ')'tem hoi ... ting 
auachmenh. 

3.2.3 hammer.n- that ponwn ot the dn,e-\\etghl a ... -.cmhly 
conw.ungofthe 140::: 2lbfc623 ::: 9 '\) tmpact \\cight wht~·h 
i ... 'ucce,,i,elv lifted and dropped to prm tde the cnerg) that 
accomph,he-. the -..1mpling and penetmtiun. 

3.2.-1 /r.mrmer drop Inlcm. " -that punion of the dnve
\\etght a"emhly h) v.lud1 the operator or automauc ')'tem 
accompli ... hel\ the lifting and dropping or the hammer [0 

pwduce the blow. 
3.25 hammer jell/ guide. n-that pan of the driH>,,cight 

a ...... emhl) u ... ed to guide the tall of the hammer. 
3.2.6 IIUmlwr oj mpc tur/1\ . 11- the total contact ungle 

hetv.ecn the rope .md the cathead at the beg111ning of the 
OJ"lCrator·-. rope ~lacl.cnmg to drop the hammer. dtvided hy 
360" ('ee Fig I l. 

3.2.7 .\tmrpling md1. 11-rod~ that connect the dme·we1ght 
a...-.embly to the -.ampler. Drill rod-. are often u ... ed for thi ' 
purpo-.e. 

.t, "ii~nificancc and u~c 

4. 1 11~'' te't method prmiue-.. a di-.turbed ,1111 ... ample tor 
moi.,ture content determmation. for identitkation and l'la ...... ,f1. 
cation I Pral.'tlce~ and I) 248 ' l purpo"e'. and for labo
rator) te~ts apprupnate for \Otl obtained from a .,,,mpler that 
\\111 pmdul."e lar~c '>hear 'train di,turbance in the 'ample 'uch 
"' J'e,t Method' D S) . ) 22 16. and D 69 Soli depo.,it' 
containmg gravel,, cohble~. or boulder\ typtcally re-.uh in 
penetrati<'n rl.'fu,al and damage to the equipment. 

-1.2 'I hi' IC\1 method prm·iJe, a di,turbed 'oil 'ampk• fnr 
mnl\ture <.::\lntent determination ami lahoratof) identilirauon. 
Sample quality i ... generally not 'uitabk• tor ad' anced lahnra· 
111r) te-.ting tor engmecnng propcrtie .... The proce" ot dri' ing 
the ... ampkr \\ill cau'>c dt,turhance ot the \Oil and change thl' 
engineering propente'>. L .,e of the thtn wall tube -.ampler 
<Practice n 1587) may rc,ult in Je..,, dt.,turhance m ,oft ,mJ, 
Conng tel'hn iques may re ... uh 111 le'' dt,turhance than sp·J 
\Jmphng tor hardet 'otb. hut 11 i' not al\\ay .... the la,e. th.ll " · 
... nme cementeu 'oib may ben>me lnowned by water al'llllll 
dunng ~oring : 'ce Practice D 6151, and Gutde D 6 1 oiJ. 

4 .3 Thi ... te~t method "u'>ed ex ten'" cl~ in a great vanct) nl 
geotechnical e\ploration proJect\. \ 1any local eorrclatton' and 
widely puhli.,hed correlauon' \\htch relate him\ count. or 
N-\'alue. and the engmeenng beha\ ior of eanhworb and 
foundations arc avm lable. f-or evaluating the liqucfauion 
potential nf \and-. dunng an eanhquakl' event , the \ 'aluc 
\hould be nonnalitcd to a stand.trd overburden 'trC'>'> lc\el. 
Practice J) 606, pro\ ide' method' to uhtain a rc~.:ord ''t 
nurmahtcd rc'i'tance of 'and" to the pcnetrauon of a 'tandard 
'ampler dri\ en hy a -.tandard energy. The penetration re'"tance 
i' adju-.tcd to drill rod energ) rauo of 60 'k hy u'ing a hammer 
'Y'tem \\ ith either an e'umated cncrg) dehvet) or dtrl't.:ll) 
mea ... uring drill rod stre" wa\ e encrg) U\ing re.,t Method 
[) ~()~~. 

;\' m: I TI1c rchabilny ol data and intcrpr~tall<>n' £I!OlT.ttcd h~ th1' 
pr.tcllcc " <.lcpcndcnt nn th~ cmnpctcncc of the pcr~onnd pcrlnnmng 11 

a.--c.--., VM>IIIOC5e001. u. ... c.w Lea 
""' ..,. R- 0<1nmce ceoa 12 1.!0r 



(a) counterclockwise rotation 
approximately is turns 

(b) clockwise rotation 
approximately 2' turn.,  

Section B- B 
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FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

and the suitability of the equipment and facilities used. Agencies that meet 
the criteria of Practice I) .1.'40 generally are considered capable of 

competent testing. Users of this practice are cautioned that compliance 

with Practice D 374o does not assure reliable testing. Reliable testing 
depends on several factors and Practice I) .1"7410 provides a means of 

evaluating some of these factors. Practice D 37-ill was developed for 

agencies engaged in the testing. inspection, or both, of soils and rock. As 

such, it is not totally applicable to agencies performing this practice. Users 

of this test method should recognize that the framework of Practice 
is appropriate for evaluating the quality of an agency performing 

this test method. Currently. there is no known qualifying national authority 
that inspects agencies that perform this test method. 

5. Apparatus 

5.1 Drilling Equipment—Any drilling equipment that pro-
vides at the time of sampling a suitable borehole before 
insertion of the sampler and ensures that the penetration test is 
performed on undisturbed soil shall be acceptable. The follow-
ing pieces of equipment have proven to be suitable for 
advancing a borehole in some subsurface conditions: 

5.1.1 Drag. Chopping, and Fishtail Bits, less than 61/2  in. 
(165 mm) and greater than 21/4  in. (57 mm) in diameter may he 
used in conjunction with open-hole rotary drilling or casing-
advancement drilling methods. To avoid disturbance of the 
underlying soil. bottom discharge bits are not permitted; only 
side discharge bits are permitted. 

51.2 Roller-Cone Bits. It's than 61/2  in. t 165 mm) and 
ereater than 21/4  in. (57 min.) in diameter may be used in 
conjunction with open-hole rotary drilling or casing-
advancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Sleet Continuous Flight Augers, with or with-
out a center bit assembly, may be used to drill the borehole. 
The inside diameter of the hollow-stem augers shall be less 
than 61/2  in. (165 mm) and not less than 21/4  in. (57 mm). 

5.1.4 Solid, Continuous Flight, Bucket and Hand Augers. 
less than 61/2  in. (165 mm) and not less than 21/4  in. (57 mm) in 
diameter may be used if the soil on the side of the borehole 
does not cave onto the sampler or sampling rods during 
sampling. 

5.2 Sampling Rods—Flush-joint steel drill rods shall he 
used to connect the split-barrel sampler to the drive-weight 
assembly. The sampling rod shall have a stiffness (moment of 
inertial equal to or greater than that of parallel wall "A" rod (a 
steel rod that has an outside diameter of 1-5/8 in. (41.3 mm) 
and an inside diameter of 1-1/8 in. (28.5 mm). 

5.3 Split-Barrel Sampler—The standard sampler dimen-
sions are shown in Fig. 2. The sampler has an outside diameter 
of 2.00 in. (50.8 mm). The inside diameter of the of the 
split-barrel (dimension D in Fig. 2) can be either 11/2-in. (38.1 
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FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwtse Rotation and (b) Clockwise Rotation of the 
Cathead 

:md the 'Ult:thlltt~ of the Clllllpmcnl antllaetltti.:' u'cd. A!!l:IKic' that meet 
the cntcna ol Pr;td~~:c () 7-IO g.:ncrally arl' o.:on,al.:rcd c«pahlc nl 
~otnp.:tcnt tc,ung. l!'c'' of tlu' pracuc.: arc cautltlllcd that o.:ornpliancc 
"tth Pra,tKc D 3 Joe, not a,,m·c rcltahlc tl'\ting. Rcliuhlc h:,tmg 
tkp.:mh on ,,·vera! la..:tof\ antl Pmcucc D 3740 pruvtdc' a m.:an' ot 
e' aluaung "''".: llf thc'c fao.:tof\. PrJcllc.: [) ~7-tO '~a' developed for 
agcnctc' engaged m the tc,ung. in\(1<-'Cllon , or hoth. of 'oth and rock. ,\, 
'uch. tt" nottutally <~pphcable to agencic' p.:r1onmng th1' practi~.=c. u,cr' 
nf thl\ tc't method 'lllluld rcc(>gni;c that the fr,unc\\or"- ot Practice 
D ~ JO '' appmpnatc fur evaluating the qual it) of an agcn~.:y pcrli1mung 
tht' tc,ttttcth,lll C"urrt•ntly. thcrc '' m• """''nquaht~mg naunnal auth<>nt) 
thJt •n'P<'<h .II!Ciloc' that 11t:rlonn 1111, "~'t method 

5. . \ppa r:llu-. 

5 I Dnlltnl( Lqtllpmcni-Any drilling eqUipment that pro
\ tde' at the ume of sampling a ... uitahle borehole he fore 
m\enwn ot the sampll.:r und cn.,ure~ that the penetrauon test 1s 
rerformed on undi~tu rhed .,oll ~hall he accept.lble. The folio\\
mg pteces of equipment ha\C pro' en to be '>Uitablc for 
<td,ancmg a borehole in ~ome sub .. urface comliuons. 

5.1 I Dra~. Clwppin.~. ami f1shte1il Bir~ Jes~ than 61/1 in 
I 165 mm) and greater than 21:. in. (57 mm) in diameter ma) be 
u ... cJ m conjunctwn w1th open-hole rotal') drilling or ca-.mg 
;u.h atKement drilltng methods. To ~" oid dl\turbance of the 
under!) ing \Otl. bottom dt ... charge hit-. are not pem1itted. only 
'>Ide dt,chargc bll~ are permitted 

Cop..,.'I\Jilt ASTM klferr\l!.gn&~ 
PP"'''\ded bV l-IS w-rtdel ~Qtwe-.llt\ASll.t 
N-J r~ton orn.rWO"' ng pet""'"-d V~~~l llc~se ftOI'I"'lHS 

5. 1.2 Roffl'r-Conc· Hil.\ lc"' than 6~12 111. ( I 65 mm 1 and 
greater than 21·• 111 !57 mm) m diameter may be U\ed 111 

conjunction '"it h open-hole rotar~- dnllmg m ca-.ing
ad' ancement dn ll mg methods tt the drilling Ouid di\Charge t' 
detlected. 

5. I 3 lloffcm -Siem Contimmu.1 Flight \t1!1U.I, wnh or wnh
out ,, center btl a~sembl). may be used to drill the borehole. 
The in'>ide di:uncter of the hollo\\ --.tern auger~ ... hall be Jc-,, 
than 61 2 m. ( I 65 1111111 and not le\<, th,m 21• 111 (57 mm) 

5. I-~ .~olul Cri/IIIIIUO/H i'!J~III, 811( /..c•f allll /land \ugen. 
lt:\s th.tn 61·2 111 ( 165 mm) and not Je.,., than 2 1~:. 111. (57 nun) 111 

diamt:ter ma) he ust!d 1f the 'otl on the '>Ide ol the hnrdmll· 
doe-. nm ca\e onto the \,tmplcr or -.,mtpling rod' dunng 
sampling. 

S 2 Samplin'( Rod\ l Ju,h-joint -.teel drill rods ... hall he 
u'ed to connect the 'pln-barrd sampler to the dm t:-1\eight 
a-.semhly. The 'ampltng rod shall ha' e a suflne.,~ (moment of 
incnia) equnl to or greater than that of parallel wall "A" rod Ia 

•steel rod that ha~ an out-.ide diameter of 1-5/8 tn. (41.3 mml 
and an itl'.idc diameter of I- I /X in (28.5 n11n). 

5 3 Spli1-Barre/ Sampler-The ... tandard sampler dimen
"ton-. are shO\\ n in I The 'ampler ha.., an out..,tde dtameter 
of 2.00 in. !SO.tl mml. The m~ide diameter of the of the 
-.plit-barrel Cdtmen~ron D 1n I 

.._" ... ,_. VM960458008 U-C..W. Uu 
""'""- 04'11!200&01108 12MOT 
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G = 16_0' *23.0'  
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FIG. 2 Split-Barrel Sampler 

mm) or 	(34.9 mm) (see Note 2). A l6-gauge liner can 
be used inside the 11/2-in. (38.1 mm) split barrel sampler. The 
driving shoe shall be of hardened steel and shall be replaced or 
repaired when it becomes dented or distorted. The penetrating 
end of the drive shoe may be slightly rounded. The split-barrel 
sampler must be equipped with a ball check and vent. Metal or 
plastic baskets may be used to retain soil samples. 

None 2-Both theory and available test data suggest that N-values may 
differ as much as 10 to 30 t- between a constant inside diameter sampler 
and upset wall sampler. If it is necessary to coffee! for the upset wall 
sampler refer to Practice r.) tAlhh. In North America, it is now common 
practice to use an upset wall sampler with an inside diameter of 11/2  in. At 
one time. liners were used but practice evolved to use the upset wall 
sampler without liners. Use of an upset wall sampler allows for use of 
retainers if needed, reduces inside friction. and improves recovery. Many 
other countries still use a constant 1D split-barrel sampler. which was the 
original standard and still acceptable within this standard. 

5.4 Drive-Weigh! Assembly: 
5.4.1 Hammer and Anvil-The hammer shall weigh 140 -L-

2 lhf (623 = 9 N) and shall be a rigid metallic mass. The 
hammer shall strike the anvil and make steel on steel contact 
when it is dropped. A hammer fall guide permitting an 
unimpeded fall shall be used. Fig. 3 shows a schematic of such 
hammers. Hammers used with the cathead and rope method 
shall have an unimpeded over lift capacity of at least 4 in. (1(X) 
mm). For safety reasons, the use of a hammer assembly with an 
internal anvil is encouraged as shown in Fig. 3. The total mass 
of the hammer assembly bearing on the drill rods should not be 
more than 250 	10 lbm (113 -1-  5 kg). 

Noll: 3-It is suggested that the hammer fall guide be permanently 
marked to enable the operator or inspector to judge the hammer drop 
height. 

5.4.2 Hammer Drop System-Rope-eathead, trip, semi-
automatic or automatic hammer drop systems. as shown in Fi 
t may be used, providing the lifting apparatus will not cause 
penetration of the sampler while re-engaging and lifting the 
hammer. 

5,5 Accessory Equipment-Accessories such as labels. 
sample containers, data sheets, and groundwater level measur-
ing devices shall be provided in accordance with the require-
ments of the project and other ASTM standards. 

6. Drilling Procedure 

6.1 The borehole shall be advanced incrementally to permit 
intermittent or continuous sampling. Test intervals and loca-
tions are normally stipulated by the project engineer or 
geologist. Typically. the intervals selected are 5 ft (1.5 m) or 
less in homogeneous strata with test and sampling locations at 
every change of strata. Record the depth of drilling to the 
nearest 0.1 ft (0.030 m). 

6.2 Any drilling procedure that provides a suitably clean 
and stable borehole before insertion of the sampler and assures 
that the penetration test is performed on essentially undisturbed 
soil shall be acceptable. Each of the following procedures has 
proven to be acceptable for some subsurface conditions. The 
subsurface conditions anticipated should be considered when 
selecting the drilling method to be used. 

6_2_1 Open-hole rotary drilling method. 
6.2.2 Continuous flight hollow-stem auger method. 
6.2.3 Wash boring method. 
6.2.4 Continuous flight solid auger method. 
6.3 Several drilling methods produce unacceptable bore-

holes. The process of jetting through an open tube sampler and 
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FIG. 2 Split-Barrel Sampler 

mm 1 or I ' ,-m. ( 14 9 mm) 1 ~ee :\otc • ). A I o· gauge ltner can 
he U\Cd tn\lde the (1,2-tn. (38 I mm) ~pitt barrel \ampler n,e 
unvrng 'hoe , h<tll be of hardeneu \tee I and -.hall be replaceu or 
repa1red when tt becomes Llented or Ul\tOrted. The penetrating 
end or the dme -.hoe 1113} be ... ltghtl} rounded. rhe split-barrel 
'ampler mu't be equ1ppcd w1th a ball check and vent. l\lctal or 
pla,tic ba,ket' may he u'ed w retmn ,011 'ample., 

:'\ort. 2 - Bnth lh~llt) ancJ avarlahk tc't cJata w~~'' that .'v valu~' m;r) 
cJitkr a' mu•·h a' I 0 to \() 'k ~~"~~n a .:nn,tant rn,lcJ~ <haml'tcr 'ampkr 
:snJ up"'t \tall 'arnpkr. II 11 ' ' nc.:c"a') tl> .:orn~.:t h•t the up,~t \\all 
'ampkr rckr tu Pra(!tcc [) f•Oill• In :\urlh ,\ml'n.:;r, 11 " "'"' cumm<m 
pra~trct• tn u,c an up,cl \\all 'ampler\\ ith an 1n,icJ.: d1arncrcr ''' I~ 1m .\t 
••n~ ume. liner' were U\<:cJ but praLltcc c\'oh ccJ tn U\C tlw up,ct \\-all 
\dlllpkr \\ilhoul ltn~f\. t; ,e ul an up,el wall ,ampler <Ill<"" IM U\C ol 
rcuun.:r' tf nc~cJI!d, reduce' tn\IJc fnctinn . and impm\t:' rt·.:nvcl'} \bn~ 
nthcr .:~1untnl!' 'ull u'c a .:on,tanl ID 'fllit-ham:l 'ampler, \\ lm·h "'a' th.: 
llrt)!inal 'tJndarcJ and ,IIIJ acccplahk wllhtn lht' 'litncJarJ 

'iA Orire-IVt'ight Anembly: 
'i 4 I llammcr and ,\m·il-The hammer -.hall weigh 140 ':': 

" lbl (623 - 9 Nl and ' hall he a rigrd metallic 111<1.,.... rhe 
hammer 'hall stnke the am II and m.tke \tee I on steel contact 
when it ~~ droppeu. A hammer fall gurde perm1ll10g an 
unrmpeded fall shall he used. h~ ' shows a sche matic of -.uch 
hammers. Hammers used with the cathead and rope methoLI 
\hall have an unimpeded over lift capacny of ~It lea-.t 4 rn (I 00 
mm). For -.afety reasons. the u-,e of a hammer as ... embly with an 
rntemal am tl I'> encouraged a'> .,hO\\ n in I fhc total ma'is 
ol the hammer a''ctnbly heanng nn the dnll rod-. -.houlu not be 
more than 250 - 10 Ibm ( 111 :::: 5 kg1. 

:-:nn J II j, 'ugg~'l<'cJ thai the: hamm~r t,rll !!llldc h.: perman.:nll) 
markccJ In c:nahlc the nperawr nr tn,pe.:tnr 111 JUdge tht: hammer drop 
hcrght. 

~ASTU-1 
~try liS unoer~w1t\ASTM 
No fliP'OOUCIIOn or ~>f'lg C*"' t!ltd W1h0Ut lcet!M from HS 

.. 

S.t 2 Hammer Drop Snrcm-Rope-catheau. tnp. 'ernl
automauc or aulomauc hammer drop 'Y'tem-., as 'hown in h~ 
4 may be u-.ed, pro\ rdrng the lilling apparatus w1ll not cau'e 
penetranon of the sampler while re-engagrng and lilting the 
hammer. 

5.5 Acce.\.101') Equipmcnt-Acce.,sories 'uch J\ lahds. 
'ample contarner!-.. tlata sheet,. and !!roundwatcr level mea,ur
in!! tie\ 1cc-. ,hal l be prO\ 1ded 1n accordant·e wrlh the reqUJre
menh nl the project and mhcr A ST\1 ... tandaru,. 

(1. DrillinJ?, Procedure 

6. I The borehole ..,h,Jil he ad,·anl·eu wcrementall~ to pennit 
mtermillcnt or conttnuou' ~ampling. Te't imer,.ab and loca
tion~ are nonnally ~tipulated by the proJeCt engmee1 ur 
geolog1't. 1) prcally. the rntel'\·ab ... elected arc 5 ft (15 m) or 
le.,... 111 homogencnu., 'Lrata wtLh te\t and ... ;unpltng hl\:atton' at 
every change of <;trata. Re.:ord the depth of dnlhng to the 
neare-.t 0. I ft (0.030 m). 

6.2 An> dnllmg procedure that prO\ 1de' a -.uitabl) clean 
and .,t.1blc horeholc bel ore 111\enion of the sampler and a ... -.ure' 
that the pcnetrauon test I., performed on C\l>Cnttally undisturbed 
so1l ... hall be acceptable. Each or the followrng proccuurc-. ha' 
pro\en to be acceptable for \Orne \Ub,urface condll1on,. The 
... ubsurface condition' ant1c1pated ... hould he con-,ldereu ''hen 
\clectmg the drilling method to be u-.eu 

6.2. I Open-hole rotaf} drilling method 
6.2.2 Contrnuou-. fltght hollow-,tem auger method. 
6.2.3 wa,h boring method 
6.2.4 Continuou' flight sohd auger method 
6.3 Se\er..rl dnllmg method' produce unacccpt<tbh: bore

hole'>. The proce\\ of jelling through an Op<!ll tube ... ampler anu 

l...._a~ VAI-:t.960458008. U~~ IJM 
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then sampling when the desired depth is reached shall not be 
permitted. The continuous flight solid auger method shall not 
be used for advancing the borehole below a water table or 
below the upper confining bed of a confined non-cohesive 
stratum that is under artesian pressure. Casing may not he 
advanced below the sampling elevation prior to sampling. 
Advancing a borehole with bottom discharge hits is not 
permissible. It is not permissible to advance the borehole for 
subsequent insertion of the sampler solely by means of 
previous sampling with the SPT sampler. 

6.4 The drilling fluid level within the borehole or hollow-
stem augers shall he maintained at or above the in situ 
groundwater level at all times during drilling, removal of drill 
rods, and sampling. 

7. Sampling and Testing Procedure 

7.1 After the borehole has been advanced to the desired 
sampling elevation and excessive cuttings have been removed, 
record the cleanout depth to the nearest 0.1 ft (0.030 m), and 
prepare for the test with the following sequence of operations: 

7.1.1 Attach either split-barrel sampler Type A or B to the 
sampling rods and lower into the borehole. Do not allow the 
sampler to drop onto the soil to be sampled. 

7.1.2 Position the hammer above arid attach the anvil to the 
top of the sampling rods. This may be done before the sampling 
rods and sampler are lowered into the borehole. 

7.1.3 Rest the dead weight of the sampler, rods, anvil, and 
drive weight on the bottom of the borehole. Record the 
sampling start depth to the nearest 0.1 ft (0.030 m). Compare  

the sampling start depth to the cleanout depth in 7  I. If 
excessive cuttings are encountered at the bottom of the 
borehole. remove the sampler and sampling rods from the 
borehole and remove the cuttings. 

7.1.4 Mark the drill rods in three successive 0.5-foot (0.15 
m) increments so that the advance of the sampler under the 
impact of the hammer can be easily observed for each (1.5-foot 
10.15 m) increment. 

7.2 Drive the sampler with blows from the 140-lbf (623-N) 
hammer and count the number of blows applied in each 
0,5-foot (0.15-m) increment until one of the following occurs: 

7.2.1 A total of 50 blows have been applied during any one 
of the three 0.5-foot (0.15-m) increments described in "' I .1. 

7.2.2 A total of 100 blows have been applied. 

7.2.3 There is no observed advance of the sampler during 
the application of 10 successive blows of the hammer. 

7.2.4 The sampler is advanced the complete 1.5 ft. (0.45 rot 
without the limiting blow counts occurring as described in 

or 7.2 3. 

if the sampler sinks under the weight of the hammer. 
weight of rods, or both, record the length of travel to the 
nearest 0.1 ft 0/030 m), and drive the sampler through the 
remainder of the test interval. If the sampler sinks the complete 
interval, stop the penetration. remove the sampler and sampling 
rods from the borehole. and advance the borehole through the 
very soft or very loose materials to the next desired sampling 
elevation. Record the N-value as either weight of hammer, 
weight of rods, or both, 
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then 'ampling v.hcn th-.: Jc,ired depth i' re;h:hed 'hall not be 
pcrrnllled. The c.:ontinuou' !light !>OliJ auger method ,hall not 
be u'ed tor alham:ing the borehole below a water table or 
lldn\\ the upper confining ned of a contini!J non-cohe,l\1! 
'tratum that 1' under ane,tan pre, ... ure. Ca ... mg may not be 
auvanced bdo"' the silmphng elevation prior to 'amphng. 
Ad\ ancing a hurl! hole wllh bouom di,charge h1h I\ not 
permi,.,ible. It i' not pcrmi-.,ible to advance the borehole for 
'uh,equent m'ert1on of the '-..tmpler 'oldy h) mean-. of 
pre' inu' 'amp ling \\ ith the ')JYf 'ampler. 

h..t I hc urilling flUid lc\d "llh1n the borehole or holln'>'
' tem .tuger' 'hall he maintained at or o.~h\1\ l' the 111 ' itu 
ground\\ ater kvcl at all time' UUring drilling, remlH'al ot drill 
nllb. and ... amphng. 

7. Sampling and lhtin~ Procedure 

7 I -\her the borehole ha' been au,anced to the desired 
:.ampling elevation and exce''l''e cutting' h:l\ e been removed. 
rewrd the deilnout uepth Ill the neare!>t 0 .1 ft CO.CUO m ). and 
prepare tor the II!' I "ith the folio'>' ing 'cque111:c of operation!>: 

7. 1.1 Auac.:h enher 'Pill-barrel 'ampler ' I~ pe A nr B to the 
'amphn)! rod' and lower intn the borehole. Do not allo\\ the 
... ampler to drop onto the 'o1l to be .,,,mplcd 

7. 1.2 ro,Hion thl' hammer above and auach the anvil to the 
wp olthe ... ampling rod'>. Tim may be done before the -.ampling 
T<l\h and 'ampler arc lowered into the borehole. 

7. 1 3 Re't the dead \\CI!_!ht of the ... ampler, nxh. amil. and 
dme \\eight on the houom ol the borehole Record the 
'>ampling 'tart depth to the ncarc't 0. 1 It C0.030 1111 Compare 

Cw>.,.,.ASIV -
~ Dv IHS~~ "" th ASTM 
No~OII'Iet'*O'i:!'lQ~ Wtt'O.d lleef'IU irOI'I\IHS 

~ 

the.: .... unplin)! \tan depth 10 the clcanout ucpth in 7 I. If 
c\ce,,i,e cull111£'> arc encountered at the houom of the 
borehole. remove the ,ampler and -.ampling nxh from the 
hurchole ;mu remove the culling-.. 

7.1.t \1arh. the drill rod' in three 'ucces.,I\'C O.'i toot (l).l5 
m 1 inacmenh -.o that the advance of the 'ampler under the 
impact of the hammt:r can be ca,ily nb,encd tor each 0 5-h>ot 
(0.15 m) increment 

7 .'!. Dm e the ... ampler wuh hhl\\' from the 1-Hl-lhf 1623-:-\) 
hammer .tnd tount the nurnhcr of blow, applied tn t•ach 
0 5 · 11"~<)1 10.1 'i-m ) muemt:nt until one \)f the I olio\\ mg ll('CUr': 

7.2 I A tolill l)f 50 him" haH.' been applied dunng an) Pill' 
of the three 0 '1 -foot CO 15-m) innement., de,crihcll 111 ~ I ·1. 

7.2.'2 A total of I 00 blow' ha\·e been appltcd. 
7.2.3 There i'> no oh,erved ad\ ance of the 'ampler lluring 

tht: appliLallon of 10 -.uc.:cl!,.,i,c him,, of the hamm~.:r 
7 2A The "tmplcr j, advanced the complete 15ft. (0 -15 m) 

without the l1m1lln!! blow count-. occurring OJ'> de,c.:nhcd m 
7 '2 I. 7 .! 2. or 7 2 ~ 

7 25 It the ... ampler .. ink ... und.:r the weight or the hammer. 
\\Cight of rod'>. or both, record the length of travel w the 
ncar\!\[ 0.1 n (0.030 rn ). and dnvc the \ampler through the 
1emilinder of the te'>tmterval. It the sampler 'ink, the complete 
inten·al. \lOp the penetration. n.!llll)\ e the ... amplcr and 'amphng 
n-,d ... from the borehole. anu ad\ a nee the borehole throu,gh the.: 
very -.oft or \Cl) loo\e materiab to the ne\t dt!'>lrcd 'ampling 
elc\ au on. Record the: \ ·\alue a' either wc1ght of hammer. 
\\eight of rod-.. or both 
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FIG. 4 Automatic Trip Hammer 

7.3 Record the number of blows (N) required to advance the 
sampler each 0.5-foot (0.15 m) of penetration or fraction 
thereof- The first 0.5-foot (0.15 rot is considered to be a seating 
drive. The sum of the number of blows required for the second 
and third 0.5-foot (0.15 m1 of penetration is termed the 
-standard penetration resistance." or the "N-salue." If the 
sampler is driven less than 1.5 ft (0.45 m). as permitted in 

I, l! 2, or 7  2 1, the number of blows per each complete 
0.5-foot (0.15 rn) increment and per each partial increment 
shall be recorded on the boring log. For partial increments. the 
depth of penetration shall be reported to the nearest 0.1 ft 
(0,030 ml in addition to the number of blows. If the sampler 
advances below the bottom of the borehole under the static 
weight of the drill rods or the weight of the drill rods plus the 
static weight of the hammer, this information should be noted 
on the boring log. 

7.4 The raising and dropping of the 140-lbf (623-N) ham-. 
tiler shall be accomplished using either of the following two 
methods. Energy delivered to the drill rod by either method can 
be measured according to procedures in Test Method I) 4633. 

7.4.1 Method A—By using a trip, automatic, or semi-
automatic hammer drop system that lifts the 140-lbf (623-N) 
hammer and allows it to drop 30 = 1.0 in. (0.76 111 ± 0.030 m) 
with limited unimpedence. Drop heights adjustments for auto-
matic and trip hammers should be checked daily and at first 
indication of variations in performance. Operation of automatic 
hammers shall be in strict accordance with operations manuals. 

7.4.2 Method B—By using a cathead to pull a rope attached 
to the hammer. When the cathead and rope method is used the 
system and operation shall conform to the following: 

7.4.2.1 The cathead shall be essentially free of rust, oil, or 
grease and have a diameter in the range of 6 to 10 in. (150 to 
250 mm). 

7.4.2.2 The cathead should be operated at a minimum speed 
of rotation of 100 RPM. 

7.4.2.3 The operator should generally use either 1-314 or 
2-1/4 rope turns on the cathead. depending upon whether or not 
the rope comes off the top (1-3/4 turns for counterclockwise 
rotation) or the bottom (2-1/4 turns for clockwise rotation) of 
the cathead during the performance of the penetration test. as 
shown in Fig. I . It is generally known and accepted that 2-3/4 
or more rope turns considerably impedes the fall of the hammer 
and should not be used to perform the test. The cathead rope 
should be stiff, relatively dry, clean. and should he replaced 
when it becomes excessively frayed, oily. limp, or burned. 

7.4.2.4 For each hammer blow. a 30 = 1.0 in. (0.76 m 
0.030 m) lift and drop shall be employed by the operator. The 
operation of pulling and throwing the rope shall be performed 
rhythmically without holding the rope at the top of the stroke. 

Nom 4-1f the hammer drop height is something other than 30 1.0 
in (0.7b m (1.030 mt. then record the new drop height. Far soils other 
than sands, there is no known data or research that relates to adjusting the 
PV-value obtained from different drop heights. Test method 1)  
provides information on making energy measurement for variable drop 
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7.3 R~wrd thl number ot blo\\' t.\') required to ad\ance the 
,,1mpkr each 0 5-foot 10 I 'i m l of penetmtion 0r traction 
therc:ol. The: hN 0. 'i loot (0 15 m) I' con~idered tn be a 'eating 
drhc. T"he 'um nl the number of biO\\' reqUJred for the 'econd 
and third 0.5-loot CO. I 5 mJ ol penetrallon 1' termed the 
.. ,tand.trd pcnetra11on re'i't<mce:· or the ··~~,; ... aJue." II the 
''unplcr i' dri' en lc" than I 'i ft (0 45 m l, .~, permllled m 
' 2 1. ~ nr ~ l the numbc:r nt' bhm' per each complete 
05-toot (() I i m l mcrc:ment and per each partial mcremcnt 
,h,tll lle recorded on the horing log. f-or pa111al liKrc:menh. the 
depth ot penetrallon 'hall he reported to the neare't 0 .1 It 
10 {HO ml m auditiOn to the number of hlo'"' · II the sampler 
ath ances heln\\ the hottom of the borehole under the swtic 
\\eight til the dnll roth m the weight nf the drill rod' pill'> the 
'to.uic ''eight ot the hammer. th1' mformation 'hould he noted 
1111 the b11ring In!!. 

7.-1 The rai-.mg and dropping of the 140-lhf (623 \) ham
mer 'hall be .lccompli-.hed u'ing either til the tnllo\l.tng two 
methtxb. Energ~ drll\ ered to the drill rod h~ ellha method can 
be mea,ured according w pnx:edure' in Tc't ,\lethod D 46.H. 

7.4.1 \1t·tlwd A 8~ u'mg a trip .• wtomauc. or '>crm 
ilUtnmatic hammer drop ')'tern that hfh the 140-lhf 162.\ "1) 

hammer and allm"' it to drop 30::: 1.0 in. (0.76 m :: 0.030 m> 
"'ith lirmted ummpedencc. Drop height'> adju,tmenh for auto
matic and trip hammer' ,!Jould be ched.ed daily and at liN 
mdrc.llron ul v.1riation' 111 performance Operation nl .1utoma11c 
hammer' 'hall be 111 'trict ;.u.:cnrdanee \\ llh operation., manuah. 

Coo,"""AST .. I_. 
Ptovded b-y 11$ unda! lic:1lnM"" t., ASTM 
Nor~OI'*-OI"'l:ftl~ ~tl'ronH'•omiHS 

7.4.2 Mt•tlwtl B -B~ ll',ing a cathead tn pull a rupc attat·hed 
to the hammer When the cathead and WJ~ method 1' u'ed the 
'~ 'tcm and opera11on 'hall conform to thl' follm"rng : 

7.4.2.1 The cathead 'hall be e"cnually free of ru,t, or I. or 
grea'e and ha\c a drametcr in the r.tnge nt 6 to 10 tn . I 1511 to 

250 mm). 
7.4.2.2 The cathead '>hmrld he operated at a minimum speed 

ol r11!.1tion ul I 00 RP:\1. 
7.4.2.3 The operator 'hould general!) u'e either 1-314 11r 

2-1/4 rope 111rn' on the cat head. depcndtng upon whether m not 
the rope corm!' ntJ' the lllp ( 1-3/4 turn' l(>r counterclod,y, 1'e 
rotation) m the bottom (2-1/4 tunh tor cluekwi'c rowtron) of 
the cathead during the performance of the pcnctratron te,t. a' 
'ho\l.n in It g. I. It 1~ genera II} knO\\ n ,md accepted that 2-3/4 
or more mpe turns con'>lderabl~ impedes the l<tllof the hammer 
and "houltl not be U'>ed to perform the te't. The cathead rope 
,hould be -.utl, relauvel) dl). dean. and 'hould be replaced 
\\hen it becomes exce-.w.ely tra)ed. Oil). limp. or burned . 

7 .4.2.4 For each hammer hhm, a 30 ::: 1.0 in. 10.76 m ::: 
0.030 ml lilt and drop 'hall be emplo)ed h) the operator. The 
operation of pulling and throwing the rope 'hall he pcrfnrmed 
rh} thmrcally without holdrng the rupe at the top nlthe 'tru!..c. 

~on; -l--It the h;tmmcr drop h.:oghr j, s.>m<·llung oth<·r than <0 - 1.0 
in ((1.71> m =: 0 ()~()mi. rhcn rc:et>nlthc n<'" drop hcoghr hlr \<Ill~ other 
rhan 'and,, rhcrc 1\ no knm\n data 01 n:<.:.u,h rhat rdalc' II> 11Jiu'ung the 
,v.,atue ohta•nec.l from c.llllcrcnr c.lrup he1gh" k<r m.:th<>J I>~~. • 
pro\ldc' mf(>nnauon on makmg energy mea,urcm.:nt lm ' • .nnhlc drop 

l.Jc:enlefJII~ VA.:'§Q604S8008 Us.,.-C.W .... 
""" "" A...,. 04 l1 02008 08 08 12 ~lOT 
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height!. and Practice I) WIN, provides information on adjustment of 
N-value to a constant energy level (60% of theoretical, N601. Practice 

I F r1,Nl , allows the hammer drop height to be adjusted to provide 60% 
energy. 

7.5 Bring the sampler to the surface and open. Record the 
percent recovery to the nearest I % or the length of sample 
recovered to the nearest (1.01 ft (5 mm). Classify the soil 
samples recovered as to, in accordance with Practice D 2488. 
then place one or more representative portions of the sample 
into sealable moisture-proof containers (jars) without ramming 
or distorting any apparent stratification. Seal each container to 
prevent evaporation of soil moisture. Affix labels to the 
containers bearing job designation. boring number, sample 
depth. and the blow count per 0.5-foot (0.15-m) increment. 
Protect the samples against extreme temperature changes. If 
there is a soil change within the sampler. make a jar for each 
stratum and note its location in the sampler barrel. Samples 
should be preserved and transported in accordance with Prac-
tice D 4220 using Group B. 

8. Data Sheet(s)/Form(s) 

8.1 Data obtained in each borehole shall be recorded in 
accordance with the Subsurface Logging Guide D 54.14 as 
required by the exploration program. An example of a sample 
data sheet is included in Appends 

8.2 Drilling information shall be recorded in the field and 
shall include the following: 

8.2.1 Name and location of job, 
8.2.2 Names of crew, 
8_2.3 Type and make of drilling machine. 
8.2.4 Weather conditions. 
8.2.5 Date and time of start and finish of borehole. 
8.2.6 Boring number and location (station and coordinates. 

if available and applicable). 
8.2.7 Surface elevation, if available, 
8.2.g Method of advancing and cleaning the borehole. 
8.2.9 Method of keeping borehole open. 
8.2.10 Depth of water surface to the nearest 0.1 ft (0.030 m) 

and drilling depth to the nearest 0.1 ft (0.030 m) at the time of 
a noted loss of drilling fluid, and time and date when reading 
or notation was made, 

8.2,11 Location of strata changes. to the nearest 0.5 ft (15 
cm). 

8.2.12 Size of casing, depth of cased portion of borehole to 
the nearest 0.1 ft (0.030 m), 

8.2.13 Equipment and Method A or B of driving sampler, 
8.2.14 Sampler length and inside diameter of barrel. and if 

a sample basket retainer is used. 
8.2.15 Size, type, and section length of the sampling rods. 

and 
8.2.16 Remarks. 
8.3 Data obtained for each sample shall be recorded in the 

field and shall include the following: 
8.3.1 Top of sample depth to the nearest 0.1 ft (0.030 m) 

and, if utilized. the sample number, 
8.3.2 Description of snit. 
8.3.3 Strata changes within sample. 
8.3.4 Sampler penetration and recovery lengths to the near-

est 0.1 ft (0.030 nit, and 
8.3.5 Number of blows per 0.5 foot (0.015 ml or partial 

increment. 

9. Precision and Bias 

9, I Prreision—Test data on precision is not presented due 
to the nature of this test method. It is either not feasible or too 
costly at this time to have ten or more agencies participate in 
an in situ testing program at a given site. 

9.1.1 The Subcommittee 18.02 is seeking additional data 
from the users of this test method that might be used to make 
a limited statement on precision. Present knowledge indicates 
the following: 

9,1.1.1 Variations in N-values of 100 	or more have been 
observed when using different standard penetration test appa-
ratus• and drillers for adjacent borehotes in the same soil 
formation. Current opinion, based on field experience, indi-
cates that when using the same apparatus and driller, N-values 
in the same soil can be reproduced with a coefficient of 
variation of about 10 %. 

9.1.1.2 The use of faulty equipment. such as an extremely 
massive or damaged anvil, a rusty cathead, a low speed 
cathead. an  old, oily rope. or massive or poorly lubricated rope 
sheaves can significantly contribute to differences in N-values 
obtained between operator-drill rig systems. 

9.2 Bias—There is no accepted reference value for this test 
method. therefore, bias cannot be determined. 

10. Keywords 

10.1 blow count: in-situ test: penetration resistance: soil: 
split-barrel sampling: standard penetration test 
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heigh" and Prddi.:.: I> 60116 pru\ ide' inlonnauon 1>n adtu'tment ol 
\' \alue to d wn-tant .:ncrgy le\'l'l (fill 'if ut th~:nrct"·al , :S60). Pm.:li<:.: 
ll ftllt~, .tlllll\' lhl· h.1111111.:1 drnp hdght h> l~ ud)U'ted tu pnwiJc 60 'l· 
ell<'l£) 

7.5 Bring th~ ... ampl~r to the ... urta~c and o~n. Record the 
percent re~.:o' ery to the ncare't I ~- or the length of 'ample 
re..:mcred to the neare-.t (l.(ll tt 15 mmi. Cla"lf) the :-.oil 
''mlpf~, recover~d "' tn, in ac.::ordance \\ith Pract1ce I> :488, 
then pl:tc~ on~ or more r~pre,entathe ponton' ot the -.ample 
Into ... ~al;thle llllll'•lllre pn11'r nmtamer ... (Jar,)'' ithnut ramming 
or dl'•lllntng any .1ppa1cnt '-llatilication . Seal each Clmtamet w 
pn:,ent ~,·aporataon nl "oil moi ... ture Atli\ labd' to the 
cont.nnl!r' h~aring j1lh d~'l!!natillll. bonng numher, ... ample 
d~pth. and the blow wu111 per 0.5-tnot 10.15-m l increment. 
Phltect the ... ample' agauht c\lreme temperature change .... It 
there I' a 'nil changl' within the ... ampler. make a pr for each 
'tratum and note it... loc;Hion in the 'ampler ban-e!. S;tmple-. 
'hnuld be pre ... ened and tran,poned in a.::cordance wllh Prac-
tice D 4 ..,.,0 u ... mg Group B. 

8. Data SheetC'>IIFormhl 

"i I Data ohtamcd 111 ead1 bmehole 'hall he recorded m 
• Kcordance \\ith the Sub ... urface Loggmg Gu1de D 54 ~4 a ... 
reqUtred h~ the e\plmallon pro!! ram. An e\arnple or a 'amp II! 
datil 'hcet •~ mcluded in Append1\ X I. 

~ .2 Dnlltng mtnnnat1on ~hall be recorded in the field and 
'hall mclude the fo llowmg· 

X.2.1 \lame and locauon of job. 
8.2 2 '\arne' of ere\\. 
S.2 ~ 1\ pe and maJ...e ot drilhng ma~hinc. 

S.2.! \\eath~r condition .... 
S.2 5 Date and time tll 't:tn ;md tim'h of borehole. 
S.2.h Bonng number and location ( ... tallun and ..:oordinate'>, 

tl ;natlahle and ;lpplt..:.thleJ. 
S.2., 'iurtace ele\,IIIOn, 11 a\'allahlc. 
X.2. s ~1ethod ol advancing and deamng the borehole. 
S.2 q \llethod or J...eepmg horehole open. 
~.2.1 0 Depth of water ... urlace to the n~are't 0.1 It (0.030 m) 

. md dnllmg. depth to the ncare't 0.1 ft (0.030 m) at the ume of 
a not~d lo" or drilling thud. and time and date when readmg 
or notation wa. ... made. 

S 2. 11 Lncation of 'trata change... w the neare ... t 0.5 ft 1 15 
em 1. 

X.2 12 S11e of C<hlng. depth nf ca-..cd ponion nt hort:holc to 
the ne;~re,t 0 I It (0.030 ml. 

C<to, nghl ASTI.I-1 PY<>·-l>riHS ___ ASTI.I 

~) ,~ 01 ~·1'9 prtttMtod ~t lic:MH ttOm IHS 

., 

!i.2. 13 Lqu1prncnt and ~1ethod A 11r B nl dm.ing "tmpler. 
l:\.2. 14 Sample1 lt:ngth and in ... ide d1amctcr of harn:l. and it 

a 'ample h;hket retamcr I'- used. 
S.2.15 S1.re. type. and ,e,·tion kngth of the ... amphng ro..J.... 

and 
~ . 2 . 16 RernarJ...s . 
S.3 D.tta ohtaincd for each sample 'hall he recorded in the 

tldd and shall include the following: 
H.3. 1 Top nf 'ample depth to the neare't 0. 1 It cll.1130 m) 

and, if' utili1cd. the -.ample number. 
S.3 2 Ol! ... cripuon 111 ... oil. 
S.3 ~ ')trat.l change' v. ithin ... ample. 
X .. l4 Sampler penetr.llion and rl!CO\el} length' 111 the near

e ... t 0 I ft cO 030 ml. and 
s .. ~ 5 '\umber ol hhm' per 0.5 loot (0.0 15 Ill) Ill partial 

mcrernent 

9. Precision and Bias 

9. 1 Prcn1um-Te ... t data on preci\IOn ~~ not pn!,ented due 
to the nature of th1' te't method. It I\ ellher not leasthk or t<l\1 
Clhtl) at tlu ... time to have ten c•r more agenca:' partll'lpatc 111 
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l) I. I The Suhcommlltee I S.02 j, ... eeking udditional dat.1 
from the u'ef' ol thi' te't method that might he u ... etl to maJ...e 
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the lollowing· 
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ratu'• and driller... for adjacent horehofe, m the 'a me ,011 
!ormation. Current opinion , ha,cd on !leld cxpcncnce. indi
cate' that v. hen U\lng the -...tme apparatw, and driller. S-\alues 
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9.2 /Jias- There is no accepted reference value lor th1' tc't 
method. therefore. b1a' cannot he determined. 
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SUMMARY OF CHANGES 

Committee D18 has identified the location of selected changes to this standard since the last issue 
ID 1586 - 99) that may impact the use of this standard. (Approved February I, 20015.) 

/) There have been numerous changes to this standard to list 
them separately. From the most recent main ballot process. 
additional changes were requested and incorporated into this 
newest revision. Stated below is a highlight of some of the 
changes. 
i 2t Scope was completely revised. 
13) Referenced Documents updated to include new standards. 

(4) Terminology: added section on Definitions. 
(5) Significance and Use: clarified use of the SPT test. 
(6) Apparatus: general editorial changes. 
(7) Sampling and Testing Procedure: general editorial 
changes. 
t.N.1 Data Sheets/Forms: general editorial changes. 
(9) Precision and Bias: added Sections ') 1 1 ! and 1) 1 1 .1'. 
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Table 
EXAMPLE SOIL DESCRIPTIONS 

POORLY GRADED SAND (SP), light brown, moist, loose, fine sand size 

FAT CLAY (CH), dark gray, moist, stiff 

SILT (ML), light greenish gray. wet, very loose, some mica, lacustrine 

WELL-GRADED SAND WITH GRAVEL (SM), reddish brown, moist, dense, subangular 
gravel to 0.6 inches max 

POORLY GRADED SAND WITH SILT (SP-SM), white, wet, medium dense 

ORGANIC SOIL WITH SAND (OH), dark brown to black, wet, firm to stiff but spongy 
undisturbed, becomes soft and sticky when remolded, many fine roots, trace of mica 

SILTY GRAVEL WITH SAND (GM), brownish red, moist, very dense, subrounded gravel to 
1.2 inches max 

INTERLAYERED SILT (60 percent) AND CLAY (40 percent): SILT WITH SAND (ML), 
medium greenish gray, nonpIastic, sudden reaction to shaking, layers mostly 1.5 to 8.3 inches 
thick; LEAN CLAY (CL), dark gray, firm and brittle undisturbed, becomes very soft and sticky 
when remolded, layers 0.2 to 1.2 inches thick 

SILTY SAND WITH GRAVEL (SM), light yellowish brown, moist, medium dense, weak gravel 
to 1.0 inches max, very few small particles of coal, fill 

SANDY ELASTIC SILT (MH), very light gray to white, wet, stiff, weak calcareous cementation 

LEAN CLAY WITH SAND (CLJMH), dark brownish gray, moist, stiff 

WELL-GRADED GRAVEL WITH SILT (GW-GM), brown, moist, very dense, rounded gravel 
to 1.0 inches max 
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Table 1 
EXAMPLE SOIL DESCRIPTIONS 

POORLY GRADED SAND (SP), light brown, moist, loose, fine sand siz.e 

FAT ClAY (CH), dark gray, moist, stiff 

SILT (ML), light greenish gray, wet, very loose, some mica. lacustrine 

WELL-GRADED SAND wrrn GRAVEL (SM), reddish brown, moist, dense, subangular 
gravel to 0.6 inches max 

POORLY GRADED SAND W1TI1 SILT (SP-SM), wrute, wet, medium dense 

ORGANIC SOIL wrrn SAND (OH), dark brown to black, wet, firm to stiff but spongy 
undisturbed, becomes soft and sticky when remolded, many fine roots, trace of mica 

SILTY GRAVEL WITil SAND (GM), brownish red, moist, very dense, subrounded gravel to 
1.2 inches max 

INTERLAYERED SILT (60 percent) AND ClAY (40 percent): SILT wrrn SAND (ML), 
medium greenish gray, nonplastic, sudden reaction to shaking, layers mostly 1.5 to 8.3 inches 
thick; LEAN ClAY (CL), dark gray, finn and brittle undisturbed, becomes very soft and sticky 
when remolded, layers 0.2 to 1.2 inches thick 

SILTY SAND W1TII GRAVEL (SM), light yellowish brown, moist, medium dense, weak gravel 
to 1.0 inches max, very few small particles o f coal, fill 

SANDY ElASTIC sn. T (MH), very light gray to white, wet, stiff, weak calcareous cementation 

LEAN ClAY wrrn SAND (CUMH), dark brownish gray, moist, stiff 

WELL-GRADED GRAVEL W1TI1 SILT (GW-GM), brown, moist, very dense, rounded gravel 
to 1.0 inches max 

SF032ft) 10.50 



Table 2 
CRITERIA FOR DESCRIBING MOISTURE CONDITION 

Description 	 Criteria 

Dry 	 Absence of moisture, dusty, dry to the touch 
Moist 	 Damp, but no visible water 
Wet 	 Visible free water, usually soil is below water table 

Table 3 
RELATIVE DENSITY OF COARSE-GRAINED SOIL 

(Developed from Sowers, 1979) 

Relative 
Blows/Ft 	 Density  

0-4 	 Very loose 

5-10 	 Loose 

11-30 	 Medium 

31-50 	 Dense 

>50 	 Very dense 

Field Test 

Easily penetrated with 'A-in. steel rod pushed 
by hand 

Easily penetrated with 1/2-in. steel rod pushed 
by hand 

Easily penetrated with 1/2-in. steel rod driven 
with 5-lb hammer 

Penetrated a foot with 	steel rod driven 
with 5-Ib hammer 

Penetrated only a few inches with 1/2-in. steel 
rod driven with 5-lb hammer 

Table 4 
CONSISTENCY OF FINE-GRAINED SOIL 

(Developed from Sowers, 1979) 

Blows/Ft Consistency 

Pocket 
Penetrometer 

(TSF) 
Torvane 
(TSF) Field Test 

<2 Very soft <0.25 <0.12 Easily penetrated several inches 
by fist 

2-4 Soft 0.25-0.50 0.12-0.25 Easily penetrated several inches 
by thumb 

5-8 Firm 0.50-1.0 0.25-0.5 Can be penetrated several inches 
by thumb with moderate effort 

9-15 Stiff 1.0-2_0 0.5-1.0 Readily indented by thumb, but 
penetrated only with great effort 

16-30 Very stiff 2..0-4.0 1.0-2.0 Readily indented by thumbnail 

>30 Hard >4.0 >2.0 Indented with difficulty by 
thumbnail 

Description 

Dry 
Moist 
Wet 

Blows/Ft 

0-4 

5-10 

11-30 

31-50 

>50 

Blows/Ft 

<2 

2-4 

5-8 

9-15 

16-3b 

>30 

Table l 
CRITERIA FOR DESCRIBING MOISTURE CONDIDON 

Criteria 

Absence of moisture, dusty, dry to the touch 
Damp, but no visible water 
Visible free water, usually soil is below water table 

Table 3 
RELATIVE DENSITI' OF COARSE-GRAINED son. 

(Devdoped from Sowers, 1979) 

Relative 
Density Field Test 

Very loose Easily penetrated with ~-in. steel rod pushed 
by hand 

Loose Easily penetrated with ~-in. steel rod pushed 
by band 

Medium Easily penetrated with ~-in. steel rod driven 
with 5-lb hammer 

Dense Penetrated a foot with ~-in. steel rod driven 
with 5-lb hammer 

Very dense Penetrated o nly a few inches with ~-in. steel 
rod driven ""ith 5-lb hammer 

Table 4 
CONSISTENCY OF FINE-GRAINED SOIL 

(Devdoped from Sowers, 1979) 

Pocket 
Penetrometer Torvane 

Consistency (TSF) (TSF) Field Test 

Very soft <0.25 <0.12 Easily penetrated several inches 
by fist 

Soft 0.25-0.50 0.12-0.25 Easily penetrated several inches 
by thumb 

Fum 0.50-1.0 0.25-0.5 Can be penetrated several inches 
by thumb with moderate effort 

Stiff 1.0-2.0 0.5-1.0 Readily indented by thumb, but 
penetrated onJy with great effort 

Very stiff .2.0-4.0 1.0-2.0 Readily indented by thumbnail 

Hard > 4.0 >2.0 Indented with difficulty by 
thumbnail 



STANDARD OPERATING PROCEDURE 

Shallow Soil Sampling 

I. Purpose 
To provide general guidelines for the collection and handling of surface soil samples 
during field operations. 

II. Scope 
The method described for surface soil sampling is applicable for loosely packed 
earth and is used to collect disturbed-soil samples. 

III. Equipment and Materials 
• Sample jars. 

• A hand auger or other device that can be used to remove the soil from the 
ground.  Only stainless steel, Teflon, or glass materials should be used.  The only 
exception is split spoons, which are most commonly available in carbon steel; 
these are acceptable for use only if they are not rusty. 

• A stainless steel spatula or disposable plastic scoop should be used to remove 
material from the sampling device. 

• Unpainted wooden stakes or pin flags 

• Fiberglass measuring tape (at least 200 feet in length) 

• GPS Unit (if available) 

IV. Procedures and Guidelines 
A. Wear protective gear, as specified in the Health and Safety Plan. 

B. To locate samples, identify the correct location using the pin flags or stakes.  
Proceed to collect a sample from the undisturbed soil adjacent to the marker 
following steps C and D.  If markers are not present, the following 
procedures will be used. 

1. For samples on a grid: 

a. Use measuring tape to locate each sampling point on the first 
grid line as prescribed in the sampling plan.  As each point is 
located, drive a numbered stake in the ground and record its 
location on the site map and in the logbook. 

ShallowS.doc   
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b. Proceed to sample the points on the grid line. 

c. Measure to location where next grid line is to start and stake 
first sample.  For subsequent samples on the line take two 
orthogonal measurements: one to the previous grid line, and 
one to the previous sample on the same grid line. 

d. Proceed to sample the points on the grid line as described in 
Section C below. 

e. Repeat 1c and 1d above until all samples are collected from 
the area. 

f. Or, a GPS unit can be used to identify each location based on 
map coordinated, if available. 

2. For non-grid samples:  

a. Use steel measuring tape to position sampling point at 
location described in the sampling plan by taking two 
measurements from fixed landmarks (e.g., corner of house 
and fence post). 

b. Note measurements, landmarks, and sampling point on a 
sketch in the field notebook, and on a site location map. 

c. Proceed to sample as described in Section C below. 

d. Repeat 2a through 2c above until all samples are collected 
from the area. 

e. Or, a GPS unit can be used to identify each location based on 
map coordinated, if available. 

C. To the extent possible, differentiate between fill and natural soil.  If both are 
encountered at a boring location, sample both as prescribed in the field 
sampling plan.  Do not locate samples in debris, tree roots, or standing water.  
In residential areas, do not sample in areas where residents’ activities may 
impact the sample (e.g., barbecue areas, beneath eaves of roofs, driveways, 
garbage areas).  If an obstacle prevents sampling at a measured grid point, 
move as close as possible, but up to a distance of one half the grid spacing in 
any direction to locate an appropriate sample.  If an appropriate location 
cannot be found, consult with the Field Team Leader (FTL).  If the FTL 
concurs, the sampling point will be deleted from the program.  The FTL will 
contact the CH2M HILL project manager (PM) immediately.  The PM and 
Navy Technical Representative (NTR) will discuss whether the point should 
be deleted from the program.  If it is deleted, the PM will follow-up with the 
NTR in writing. 

D. To collect samples: 

1. Use a decontaminated stainless steel scoop/trowel or disposable plastic 
scoop to scrape away surficial organic material (grass, leaves, etc.) adjacent to 

ShallowS.doc   
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the stake.  New disposable scoops or trowels may also be used to reduce the 
need for equipment blanks. 

2. If sampling: 

a. Surface soil: Obtain soil sample by scooping soil using the augering 
scoop/trowel, starting from the surface and digging down to a depth 
of about 6 inches, or the depth specified in the workplan. 

b. Subsurface soil: Obtain the subsurface soil sample using an auger 
down to the depths prescribed in the field sampling plan. 

3. Take a photo ionization detector (PID) reading of the sampled soil if organics 
are anticipated to be present and record the response in the field notebook.  
Also record lithologic description and any pertinent observations (such as 
discoloration) in the logbook. 

4. Empty the contents of the scoop/trowel into a decontaminated stainless steel 
pan or dedicated sealable bag. 

5. Repeat this procedure until sufficient soil is collected to meet volume 
requirements. 

6. For TCL VOC and field GC aliquots, fill sample jars directly with the trowel 
or scoop or specialized sampling equipment (i.e. Encore® or Terra Core® 
sampler) and cap immediately upon filling.  DO NOT HOMOGENIZE. 

7. For TCL pesticides/PCBs and SVOCs, TAL metals, and field XRF aliquots, 
homogenize cuttings in the pan using a decontaminated stainless steel 
utensil in accordance with SOP Decontamination of Drilling Rigs and 
Equipment. 

8. Transfer sample for analysis into appropriate containers with a decon-
taminated utensil. 

9. Backfill the hole with soil removed from the borehole.  To the extent possible, 
replace topsoil and grass and attempt to return appearance of sampling area 
to its pre-sampled condition.  For samples in non-residential, unmowed 
areas, mark the sample number on the stake and leave stake in place.  In 
mowed areas, remove stake. 

V. Attachments 
None. 

VI. Key Checks and Items 
• Use phthalate-free latex or surgical gloves and other personal protective 

equipment. 
• Transfer volatiles first, avoid mixing. 
• Decontaminate utensils before reuse, or use dedicated, disposable utensils. 

ShallowS.doc   
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STANDARD OPERATING PROCEDURE 

Packaging and Shipping Procedures for Low-
Concentration Samples 

I. Purpose and Scope 
The purpose of this guideline is to describe the packaging and shipping of low-
concentration samples of various media to a laboratory for analysis.   

II. Scope 
The guideline only discusses the packaging and shipping of samples that are 
anticipated to have low concentrations of chemical constituents.  Whether or not 
samples should be classified as low-concentration or otherwise will depend upon 
the site history, observation of the samples in the field, odor, and photoionization-
detector readings.   
 
If the site is known to have produced high-concentration samples in the past or the 
sampler suspects that high concentrations of contaminants might be present in the 
samples, then the sampler should conservatively assume that the samples cannot be 
classified as low-concentration.  Samples that are anticipated to have medium to 
high concentrations of constituents should be packaged and shipped accordingly.   
 
If warranted, procedures for dangerous-goods shipping may be implemented.  
Dangerous goods and hazardous materials pose an unreasonable risk to health, 
safety, or property during transportation without special handling. As a result only 
employees who are trained under CH2M HILL Dangerous Goods Shipping course 
may ship or transport dangerous goods.  Employees should utilize the HAZMAT 
ShipRight tool on the Virtual Office and/or contact a designated CH2M HILL 
HazMat advisor with questions.    

 

III. Equipment and Materials 
• Coolers 
• Clear tape 
• “This Side Up” labels 
• “Fragile” labels 
• Vermiculite 
• Ziplock bags or bubble wrap 
• Ice 
• Chain-of-Custody form (completed) 
• Custody seals 
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IV. Procedures and Guidelines 

  Low-Concentration Samples 
A. Prepare coolers for shipment: 

• Tape drains shut. 

• Affix “This Side Up” labels on all four sides and “Fragile” labels on 
at least two sides of each cooler. 

• Place mailing label with laboratory address on top of coolers. 

• Fill bottom of coolers with about 3 inches of vermiculite or 
absorbent pads. 

B. Arrange decontaminated sample containers in groups by sample number. 
Consolidate VOC samples into one cooler to minimize the need for trip 
blanks. 

C. Affix appropriate adhesive sample labels to each container.  Protect with 
clear label protection tape. 

D. Seal each sample bottle within a separate ziplock plastic bag or bubble 
wrap, if available.  Tape the bag around bottle.  Sample label should be 
visible through the bag. 

E. Arrange sample bottles in coolers so that they do not touch. 

F. If ice is required to preserve the samples, cubes should be repackaged in 
zip-lock bags and placed on and around the containers.  

G. Fill remaining spaces with vermiculite or absorbent pads. 

H. Complete and sign chain-of-custody form (or obtain signature) and 
indicate the time and date it was relinquished to Federal Express or the 
courier. 

J Close lid and latch. 

K. Carefully peel custody seals from backings and place intact over lid 
openings (right front and left back).  Cover seals with clear protection 
tape. 

L. Tape cooler shut on both ends, making several complete revolutions with 
strapping tape.  Cover custody seals with tape to avoid seals being able to 
be peeled from the cooler. 

M. Relinquish to Federal Express or to a courier arranged with the laboratory.  
Place airbill receipt inside the mailing envelope and send to the sample 
documentation coordinator along with the other documentation. 
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   Medium- and High-Concentration Samples: 
Medium- and high-concentration samples are packaged using the same techniques 
used to package low-concentration samples, with potential additional restrictions.  If 
applicable, the sample handler must refer to instructions associated with the 
shipping of dangerous goods for the necessary procedures for shipping by Federal 
Express or other overnight carrier.  If warranted, procedures for dangerous-goods 
shipping may be implemented.  Dangerous goods and hazardous materials pose an 
unreasonable risk to health, safety, or property during transportation without 
special handling. As a result only employees who are trained under CH2M HILL 
Dangerous Goods Shipping course may ship or transport dangerous goods.  
Employees should utilize the HAZMAT ShipRight tool on the Virtual Office and/or 
contact a designated CH2M HILL HazMat advisor with questions.    

V. Attachments 
None. 

VI. Key Checks and Items 
• Be sure laboratory address is correct on the mailing label 
• Pack sample bottles carefully, with adequate vermiculite or other packaging 

and without allowing bottles to touch 
• Be sure there is adequate ice 
• Include chain-of-custody form 
• Include custody seals 
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STANDARD OPERATING PROCEDURE 

Aquifer Slug Testing 

I. Purpose and Scope 
The purpose of this procedure is to outline the equipment and methods that will be 
used to perform variable-head tests (“slug” tests) on piezometers and monitoring 
wells. The guidance covers use of both air and solid displacement methods.  

II. Equipment and Materials 
• In-Situ data loggers or equivalent 
• Well-testing assembly 

• packer 
• fittings for pressure transducers 
• fittings for air supply 
• release valve 

• Compressed air 
• Computer and associated equipment 
• Solid displacement device with rope 

III. Procedures and Guidelines 
The tests to be performed are rising head tests.  The tests are accomplished by 
lowering the head of water in the well and monitoring the recovery of the water level 
to the static water level.  The water level will be lowered by one of two methods. One 
method is the use of an air displacement device. Alternatively, a solid displacement 
device removed from the well will be used. 

The air displacement apparatus consists of a packer assembly, fittings to accommodate 
transducers and air pressurization, and a pressure-release valve.  The packer is 
lowered into the upper portion of the monitoring well, secured in place and inflated, 
providing a seal between the apparatus and the inside of the well.  Two fittings are 
provided for pressure transducers: one transducer is fed through the inside of the 
device and positioned below the water surface and the other is inserted to measure the 
air pressure inside the assembly.  A third fitting is connected to the pressurized air 
supply, a compressed air tank. 

The datalogger will be programmed to display the air pressure in units of head, the 
head measured by the submerged transducer, and the difference between the two.  
The difference between the two pressure transducers is the height of the water column 
on the submerged transducer.  The readings are recorded in a field notebook, and then 
the assembly is pressurized.  The air pressure applied will be equivalent to 3 to 7 feet 
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of head.  The pressures are allowed to stabilize.  The pressure of the air should not 
lower the water level to below the base of the bentonite seal installed in the well. 

Each test is started by releasing the air pressure inside the assembly and allowing the 
water level to rise to the static water level.  When the datalogger perceives a change in 
water level in the well above a preset trigger amount, it automatically begins to record 
the water levels and elapsed time.  Each test will be terminated when the water level 
has recovered to at least 90 percent of the original equilibrium level before 
pressurization. Note that the test method cannot be used if the well is screened across 
or near the water table. 

An alternate method of lowering the water level is to use a solid displacement device. 
A single transducer will be installed in the well below the water table.  A weighted 
solid displacement device is added to the well and the water level allowed to stabilize 
at the original static water level.  The test is started by rapidly removing the 
displacement device, which causes a drop in the water level.  The data logger begins 
recording the water level and elapsed time when the preset trigger amount is reached. 
Readings are taken as above, and the test stopped when the well has recovered to 90 
percent of the original level. 

At least two valid tests will be performed in each well. Additional tests will be 
required if there is some evidence that any of the tests were unacceptable. 

At the end of each test, the test results will be transferred to a laptop and the data 
downloaded and checked for preliminary completeness. 

IV. Attachments 
None. 

V. Key Checks and Preventive Maintenance 
• Check that the packer assembly is in good condition and not leaking.  Provide a 

repair kit including tape and clamps.  Take additional packer assembly and other 
spare parts. 

• Check the batteries for the datalogger and computer.  Check that the computer 
disks containing the programs for the datalogger are packed.   

• Check the datalogger calculation of the well hydraulic conductivity at the end of 
each test to determine if these are consistent with expectations. 
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STANDARD OPERATING PROCEDURE 

Soil Sampling 

I. Purpose and Scope 
The purpose of this procedure is to provide guidelines for obtaining samples of surface and 
subsurface soils using hand and drilling-rig mounted equipment. 

II. Equipment and Materials 
• Stainless-steel trowel, shovel, scoop, coring device, hand auger, or other 

appropriate hand tool 

• Stainless-steel, split-spoon samplers 

• Thin-walled sampling tubes 

• Drilling rig or soil-coring rig 

• Stainless-steel pan/bowl or disposable sealable bags 

• Sample bottles 

III. Procedures and Guidelines 
Before sampling begins, equipment will be decontaminated using the 
procedures described in SOP Decontamination of Drilling Rigs and Equipment.  
The sampling point is located and recorded in the field logbook.  Debris should 
be cleared from the sampling location.   

A. Surface and Shallow Subsurface Sampling 

A shovel, post-hole digger, or other tool can be used to remove soil to a point 
just above the interval to be sampled.  A decontaminated sampling tool will be 
used to collect the sample when the desired sampling depth has been reached. 
Soil for semivolatile organic and inorganic analyses is placed in the bowl and 
mixed; soil for volatile organic analysis is not mixed or composited but is 
placed directly into the appropriate sample bottles.  A stainless-steel or 
dedicated wooden tongue depressor is used to transfer the sample from the 
bowl to the container. 

The soils removed from the borehole should be visually described in the field 
log book, including approximated depths.  

When sampling is completed, photo-ionization device (PID) readings should 
be taken directly above the hole, and the hole is then backfilled. 
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More details are provided in the SOP Shallow Soil Sampling. 

B. Split-Spoon Sampling 

Using a drilling rig, a hole is advanced to the desired depth.  For split-spoon 
sampling, the samples are then collected following the ASTM D 1586 standard 
(attached).  The sampler is lowered into the hole and driven to a depth equal to 
the total length of the sampler; typically this is 24 inches.  The sampler is 
driven in 6-inch increments using a 140-pound weight (“hammer”) dropped 
from a height of 30 inches.  The number of hammer blows for each 6-inch 
interval is counted and recorded.  To obtain enough volume of sample for 
subsequent laboratory analysis, use of a 3-inch ID sampler may be required.  
Blow counts obtained with a 3-inch ID spoon would not conform to ASTM D 
1586 and would therefore not be used for geotechnical evaluations. 

Once retrieved from the hole, the sampler is carefully split open.  Care should 
be taken not to allow material in the sampler to fall out of the open end of the 
sampler.  To collect the sample, the surface of the sample should be removed 
with a clean tool and disposed of.  Samples collected for volatiles analysis 
should be placed directly into the sample containers from the desired depth in 
the split spoon.  Material for samples for all other parameters should be 
removed to a decontaminated stainless steel tray or disposable sealable bag.  
The sample for semivolatile organic and inorganic analyses should be 
homogenized in the field by breaking the sample into small pieces and 
removing gravel.  The homogenized sample should be placed in the sample 
containers.  If sample volume requirements are not met by a single sample 
collection, additional sample volume may be obtained by collecting a sample 
from below the sample and compositing the sample for non-volatile 
parameters only.   

Split-spoon samples also will be collected using a tripod rig.  When using a 
tripod rig the soil samples are collected using an assembly similar to that used 
by the drilling rig. 

C. Thin-Walled Tube Sampling 

Undisturbed fine grained samples may be collected for analysis for 
geotechnical parameters such as vertical hydraulic conductivity. These samples 
will be collected using thin-walled sampling tubes (sometimes called Shelby 
tubes) according to ASTM D 1587 (attached). Tubes will be 24- to 36 inches 
long and 3- to 4-inches in diameter, depending upon the quantity of sample 
required. Undisturbed samples will be obtained by smoothly pressing the 
sampling tube through the interval to be sampled using the weight of the 
drilling rig. Jerking the sample should be avoided. Once the sample is brought 
to the surface, the ends will be sealed with bees wax and then sealed with end 
caps and heavy tape. The sample designation, data and time of sampling, and 
the up direction will be noted on the sampling tube. The tube shall be kept 
upright as much as possible and will be protected from freezing, which could 
disrupt the undisturbed nature of the sample. Samples for geochemical 
analysis normally are not collected from thin-walled tube samples.    
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IV. Attachments 
ASTM D 1586 Standard Penetration Test Method for Penetration Test and Split-Barrel 
Sampling of Soils (ASTM D1586.pdf) 

ASTM D 1587 Standard Practice for Thin-Walled Tube Sampling of Soils (ASTM 
D1587.pdf) 

V. Key Checks and Preventative Maintenance 
• Check that decontamination of equipment is thorough.   

• Check that sample collection is swift to avoid loss of volatile organics during 
sampling. 

Soils.doc   
QC and Revised 08/2012  3 



     

Designation: D 1586 - 08 

111111  
itireRNATIONAL  

      

Standard Test Method for 
Standard Penetration Test (SPT) and Split-Barrel Sampling 
of Soils' 

This standard is issued under the heed designation D 1586: the number immediately following the designation indicates the year or 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon lei indicates an editorial change since the last revision or reupproval. 

This minima' has here aaprraed jrir err by agent-in of the Department of Defense 

1. Scope* 

1.1 This test method describes the procedure, generally 
known as the Standard Penetration Test (SPT). for driving a 
split-barrel sampler to obtain a representative disturbed soil 
sample for identification purposes, and measure the resistance 
of the soil to penetration of the sampler. Another method (Test 
Method I) 3550) to drive a split-barrel sampler to obtain a 
representative soil sample is available but the hammer energy 
is not standardized, 

1.2 Practice I) 6066 gives a guide to determining the nor-
malized penetration resistance of sands for energy adjustments 
of N-value to a constant energy level for evaluating liquefac-
tion potential. 

1.3 Test results and identification information are used to 
estimate subsurface conditions for foundation design. 

1,4 Penetration resistance testing is typically performed at 
5-foot depth intervals or when a significant change of materials 
is observed during drilling, unless otherwise specified. 

1.5 This test method is limited to use in nonlithified soils 
and soils whose maximum particle size is approximately less 
than one-half of the sampler diameter. 

1.6 This test method involves use of rotary drilling equip-
ment (Guide D 5783, Practice D 6151). Other drilling and 
sampling procedures (Guide D 6286, Guide 1) 6160) are avail-
able and may he more appropriate. Considerations for hand 
driving or shallow sampling without boreholes are not ad-
dressed. Subsurface investigations should be recorded in ac-
cordance with Practice 1.) 54.3-1, Samples should be preserved 
and transported in accordance with Practice 1) .1220 using 
Group B. Soil samples should be identified by group name and 
symbol in accordance with Practice I) :_'‘PK 

1.7 All observed and calculated values shall conform to the 
guidelines for significant digits and rounding established in 
Practice 1) h026, unless superseded by this test method, 

1.8 The values stated in inch-pound units are to he regarded 
as standard. except as noted below. The values given in 

This method is under the jurisdiction of ASTM Committee D lit on Soil and 
Rock and is the direct responsibility of Suhconunitiee 015.02 on Sampling and 
Related Field Testing for Soil Evaluations. 

Current edition approved Feb I. 2008. Published March 2008. Originally 
approved in 1958. Last previous edition approved in 1999 as 13 158n— 99.  

parentheses are mathematical conversions to SI units. which 
are provided for information only and are not considered 
standard. 

1.8.1 The gravitational system of inch-pound units is used 
when dealing with inch-pound units. In this system. the pound 
(lbf) represents a unit of force (weight). while the unit for mass 
is slugs. 

1.9 Penetration resistance measurements often will involve 
safety planning, administration, and documentation. This test 
method does not purport to address all aspects of exploration 
and site safety. This standard does not purport to address all of 
the safety concerns, if any. associated with its use. It is the 
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. Performance of the 
test usually involves use of a drill rig: therefore, safety 
requirements as outlined in applicable safety standards (for 
example. OSHA regulations.' NDA Drilling Safety Guide.' 
drilling safety manuals, and other applicable state and local 
regulations) must be observed. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terminology Relating to Soil. Rock, and Contained 

Fluids 
I) 854 Test Methods for Specific Gravity of Soil Solids by 

Water Pycnometer 
I) 158' Practice for Thin-Walled Tube Sampling of Soils 

for Geotechnical Purposes 
D 2216 Test Methods for Laboratory Determination of Wa- 

ter (Moisture) Content of Soil and Rock by Mass 
I) 2487 Practice for Classification of Soils for Engineering 

Purposes (Unified Soil Classification System) 
1) 24 	Practice for Description and Identification of Soils 

Availahle from (k-cupational Sato) and Health Administration (OSHA), :1t1 
Constitution Ave.. NW. Washington. IX' 20210. hunthvww.osha.gov  

Available from the Natitinal Dulling Association. 3511 Center Rd.. Suite ii. 
Brunswick, OH 44212. http://www  rxia4u.com. 

For referenced ASTM standards. visit the ASTM website. www.u.stm.org. or 
contact ASTM Customer Sets ice at serviceCeasim.org  For Anneal float of ASTM 
Standards volume information. refer to the standard's Document Summary page on 
the ASTM website. 

'A Summary of Change_s section appears at the end of this standard. 
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kmm n a~ the Stand:mJ Penetration Te-.t (')PT). for drivin!! a 
split-barrel sampler to obtain a repre,entatl\e di-.turbcd ;oil 
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1.4 Pcnctr<~tton rest-.tance te-.ting is t) pil·ally pert'onned at 
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Group B. Sotl samples 'houiJ be identilied b} group name and 
s~mhol to accordance wtth Practice J) 2• 

I. 7 All obsened and calculated ,·aJues 'hall conlonn to the 
gutddines for 'tgmficant digit-. and rounding established in 
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(Visual-Manual Procedure) 
D 4550 Practice for Thick Wall, Ring-Lined, Split Barrel, 

Drive Sampling of Soils 
U 1740 Practice for Minimum Requirements for Agencies 

Engaged in the Testing and/or Inspection of Soil and Rock 
as Used in Engineering Design and Construction 

I) 4220 Practices for Preserving and Transporting Soil 
Samples 

1) 4633 Test Method for Energy Measurement for Dynamic 
Penetrometers 

I) 50 14 Guide for Field Logging of Subsurface Explora-
tions of Soil and Rock 

D 5753  Guide for Use of Direct Rotary Drilling with 
Water-Based Drilling Fluid for Geoenvimnmental Explo-
ration and the Installation of Subsurface Water-Quality 
Monitoring Devices 

D1026 Practice for Using Significant Digits in Geotechni-
cal Data 
6(166 Practice for Determining the Normalized Penetra-
tion Resistance of Sands for Evaluation of Liquefaction 
Potential 

D 6151 Practice for Using Hollow-Stem Augers for Geo-
technical Exploration and Soil Sampling 

D 61(e) Guide for Selection of Soil and Rock Sampling 
Devices Used With Drill Rigs for Environmental Investi-
gations 

I) 6286 Guide for Selection of Drilling Methods for Envi-
ronmental Site Characterization 

D (1913 Test Methods for Particle-Size Distribution (Grada-
tion) of Soils Using Sieve Analysis 

3. Terminology 

3.1 Definitions: Definitions of terms included in Terminol-
ogy I) 653 specific to this practice are: 

3.1.1 cathead. n—the rotating drum or windlass in the 
rope-cathead lift system around which the operator wraps a 
rope to lift and drop the hammer by successively tightening and 
loosening the rope turns around the drum. 

3.1.2 drill rods. n—rods used to transmit downward force 
and torque to the drill hit while drilling a borehole. 

3.13 N-value, n—the blow count representation of the 
penetration resistance of the soil. The N-value, reported in 
blows per foot. equals the sum of the number of blows (N) 
required to drive the sampler over the depth interval of 6 to 18 
in. (150 to 450 mm) (see 7.3). 

3.1.4 Standard Penetration Test (SPT), n—a test process in 
the bottom of the borehole where a split-barrel sampler having 
an inside diameter of either 1-1/2-in. (38.1 mm) or 1-3/8-in. 
(34.9 rum) t see Nosc 2) is driven a given distance of 1.0 ft (0.30 
nt) after a seating interval of 0.5 ft (0.15 m) using a hammer 
weighing approximately 140-lhf (623-N) falling 3(1 	1.0 in. 
(0.76 m ± 0.030 m) for each hammer blow. 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 anvil, n—that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.2.2 drive weight assembly, n—an assembly that consists 
of the hammer, anvil, hammer fall guide system, drill rod 
attachment system, and any hammer drop system hoisting 
attachments. 

3.2.3 hammer, n—that portion of the drive-weight assembly 
consisting of the 140 2 lbf (623 ± 9 N) impact weight which 
is successively lifted and dropped to provide the energy that 
accomplishes the sampling and penetration. 

3.2.4 hammer drop system, n—that portion of the drive-
weight assembly by which the operator or automatic system 
accomplishes the lifting and dropping of the hammer to 
produce the blow. 

3,2.5 hammer fidl guide. n—that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.2.6 number t.if rope turns, n—the total contact angle 
between the rope and the cathead at the beginning of the 
operator's rope slackening to drop the hammer. divided by 
360' (see 1:11:. 11, 

3.2.7 sampling rods, n—rods that connect the drive-weight 
assembly to the sampler. Drill rods are often used for this 
purpose. 

4. Significance and Use 

4.1 This test method provides a disturbed soil sample for 
moisture content determination, for identification and classifi-
cation (Practices 1) 2487 and I) 2488) purposes. and for labo-
ratory tests appropriate for soil obtained from a sampler that 
will produce large shear strain disturbance in the sample such 
as Test Methods 1) 854. 1) 2216. and 1) b913. Soil deposits 
containing gravels. cobbles, or boulders typically result in 
penetration refusal and damage to the equipment. 

4.2 This test method provides a disturbed soil sample for 
moisture content determination and laboratory identification. 
Sample quality is generally not suitable for advanced labora-
tory testing for engineering properties. The process of driving 
the sampler will cause disturbance of the soil and change the 
engineering properties. Use of the thin wall tube sampler 
(Practice F) 15147) may result in less disturbance in soft soils. 
Coring techniques may result in less disturbance than SPT 
sampling for harder soils, but it is not always the case. that is. 
some cemented soils may become loosened by water action 
during coring: see Practice 1) 6I 51, and Guide I) 61(io. 

4.3 This test method is used extensively in a great variety of 
geotechnical exploration projects. Many local correlations and 
widely published correlations which relate blow count. or 
N-value. and the engineering behavior of earthworks and 
foundations are available. For evaluating the liquefaction 
potential of sands during an earthquake event, the N-value 
should be normalized to a standard overburden stress level. 
Practice 1) 6066 provides methods to obtain a record of 
normalized resistance of sands to the penetration of a standard 
sampler driven by a standard energy. The penetration resistance 
is adjusted to drill rod energy ratio of 60 % by using a hammer 
system with either an estimated energy delivery or directly 
measuring drill rod stress wave energy using Test Method 
D 4633. 

Nom I—The reliability of data and interpretations generated by this 
practice is dependent on the competence of the personnel performing it 
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I Viwal-.\tanual Procedure) 

IJ ~'i Pracuce for Thick Wall. Ring-Lined. 'ipht Barrel. 
Dme 'iarnpling of Soli' 

I> ~; Prauice tor ~1mtmum Requiremenh tor Agcncte!'. 
Engaged 111 the Tc~ting and/or ln~pectum of Soli and Rock 
"' U!'.ed 111 Engineenng De!'.tgn and c,,n,trultiUn 

) Practice~ tor Pre!'.ening and Tran~porting Soli 
Sample~ 

I Te~t ,\lethod for Energ) Mea,urement lot D~ namic 
Penetrometer' 

[l 'l' Gutue lor Field Logging of <iuh ... urfacc E\ptora
tlnlh <.\1 Sotl ,md Rm.:k 

D 'PX · Gutde for U!'.e of Ducct Rotary Drilling with 
\\'ater-Ba ... ed Dnlhng riutd for Geocn\lronrnental Explo
ratton and the ln-.tullatlon of Subsurface Water-Quality 
.\lonitoring Dcvtce' 

D I Pmct1ce for u~mg Stgmticant Digih in Geotechni-
cal Oat,\ 

D I Practice tor Determining the '\ormali;ed Penetra-
tion Rc'''tunce of Sand' for E\'aluauon of l.iquefm.:tion 
Potential 

I> 61'\1 Pr;,~ctln: tor U"ng Hollm\-Stem Auger' for Geo
technical E\plnrauon and Sotl S.tmphng 

I> (1(69 Gutde tor Selection of Soli and Ro~k 'iampling 
De' ice~ U'>ed Wnh Dnll Rig' tor Em tmnmental In' C\tl · 
gat ion!'. 

() 6286 Gutde for Selection of Drilling \lethod' for Fm i
ronmental Sne Charactentation 

D 69 1 fe\t \1ethod' for Parttclc· <;;11e Di<>tribution (Grada
ti,,n ) ot liotf, u ... mg Steve \naJ\, ' 

3. Terminology 

3. I Dcjimtimrs DctinlttOJh of term' m .. :Iuded in lcrrninol-
ogy l 'pectfic to tht' practice arc: 

3 1.1 cat/wad. 11 the rot.Jllng drum or \\ indi.J\~ 111 the 
rope-cathead lift 'Y'tcm around which the oper.unr \\-rap~ a 
rope to lift and drop the hammer by \UCCC!'.\1\ely ughtemng and 
lou ... ening the rope turn' around the drum. 

3 . 1.::! drt/1 mds. 11-rod~ U!>ed to transmit down\\ard force 
and torque to the drill hn whtle drilhnl! a borehole 

J . l 3 N-ralut. n the hlow cnunt repre~entation of the 
penetration re-.1\tance of the 'oil. The N-\·alue. reported 111 

blo\\' per foot. equab the -.um of the number of blows ( '\') 
requtred to drive the \ampler over the depth inten·al of 6 to 18 
in (!50 to 450 mm) (',ee l). 

3. 1.4 Standurd Pmetratwn Test ( SPT). n-a test proces'> in 
the bottom or the borehole where a -.plit-barrel \ampler ha\·ing 
an in,ide dtameter of etther 1-1/2-in !38 I mml or 1 -J/!~·in . 
13-l 'l mm 1 'ee '\ote . ) i' dm cn ,, gt \t: n d!'.tance of 1.0 It ( (l.J() 

m l alter a 'catmg in ten al of 0.5 ft tO 15 m l U\lng a hammer 
weighmg ~•rrw,imatcl) 140 lht (62 ~-\ l falling 30 .:: 1.0 in. 
t0.76 m _:_ 0.1>30 ml lor ea~h hammer biO\\ 

J. 2 Dejmition.\ oflerm.\ )pee (fie 111 This ~taw/an/: 

J 2.1 and/. n- that portton of the drtH!·\\etght a ...... embly 
which the hammer \tnke' and through which the hammer 
energy pa"e' into the drill rod~. 

~·JI A$1'\AI~ .... -byiHS ___ ASTI.O 

Q ~ 01 ~"'9 oemdteO .eout llcanM f"'tft tHS 

3.2.2 clrn·e 1\ ci~ht ant•mhly. n- an a ... ..,embly that con'i'h 
of the hammer. anvil. hammer fall gutde ')'tem. drill rod 
attachment sp.tem. and any hammer drop sy,tcm hoi,ting 
attachment,. 

3.2.3 hamma.n- that portton of the dme-\\ctght a:-.,emhly 
conw.ting of the 140 :::: 2 lhf !623 .:: 9 \ l tmpact weight wht~·h 
is 'uc..:e,,i,eh- lifted and dropped to prm tde the cnerg) that 
accomplt,he' the '.tmpling and penetmtion. 

J .::!.-1 hammer drop nstem. n-that ()\l11ion of the lftne
\\etght a"cmbly b) wluch the opemtor or automatic ')'tem 
acwmpli,he' the liftmg and dropping of the hammer ro 
pwduce the him\ 

3.2.5 hammer jell/ guide. n-that p;trt of the driH~·\\cight 

a ...... emhl) U\Cd to guide the fall of the hammer. 
3.2.6 numhn of mpt' tum1. 11- the total contact ungle 

hctwecn the rope and the cathcad at the begmning of the 
operator· , rope ~lad..ening to drop the hammer. divided hy 
360" (\ee Fig I ). 

3.2.7 mmpling rods. n- ro& .. that connect the dnvc-wetght 
a''embly to the '>ampler. Drill rod' an~ often u ... cd for tht ' 
JlUrp!N~. 

~- "iignificance and u~c 

4.1 Till' te't method prO\;idC\ a Ji,turbed ~otl 'ample lor 
mm..,ture content determination. for identlfH..auon and cJa..,...tfi
<.atlon 1 Pracuce~ · - and D 2-1!\S 1 purptl"C'· and for labo
ratory te~ts appropnate for sot! obtained from a ,,,mpler that 
\\til produce larj!c shear ~train disturbance in the 'ample 'u~:h 
"' Te't Method' D ~:'i • ) 2 16 . and D {J9 Soli depo,ih 
containmg graveh. cobb"-~'· or boulder' typtcalh re ... ult in 
penetratif'n refu,al and damage to the equipment. 

-1.2 Thi' te't method pro,·ilfe, a di,turhed 'oil ... ample fnr 
mm ... turc ..:ontent determination and lahoratof) identiliratlon. 
Sample quality i' generally not 'uitable tor ad' anced labora
tor) tc,ting tor engmccnng prop~!rties. The proce ... s ol dri' ing 
the ... ampler \\ill cau-.e dl\turbance ot the \Oil and change the 
engineering propertte\. L 'e of the thtn \\all tuhe 'ampler 
(Practice () 1587) may re~ult in le" dt.,turhance 111 !'.Oft \Otl\ 
Coring techniques may re~uh 111 les~ dl\turhance than <;;1'1 
sampling tor harder \Otb. but 1l is not al\\ays the case. that " · 
... ome cemented soib may become loosened hy water <~Ctllln 
during coring . ..,ce Practice D hl51, and Gutde IJ 6 16'1. 

4 .3 Thi' te\t method " used C\ten~ively in a great vane!\ of 
geotechnical e\ploration proJect\. \!any local correlauon' and 
widely publi-.hed corrclauon\ \\hich relate blow count. or 
N-value. <llld the engineering beha\ iur of earthworb and 
foundations are avat lable . ror C\aluating the liquefaction 
potential of o,and' dunng an earthquake event the \ value 
-.hould be norrnallled to a stand.Jrd o\·erburden \tres-. lt!\el. 
Practice () 606 prO\tde' method., to ohtain a record nf 
normahtcu rc'i'tance or 'and' to the penetration of a ,t,utdaru 
'"mpler dri\ en hy a \tandard energy. The JXnetration re"'tance 
i.., adju,ted to drill rod cncrgy ratio of 60 ~ h~ u'ing a hammer 
'Y'tem \\ ith e11he1 an e ... umated energy dehvef) or dtrcctl) 
mea,uring dnll rod strc" \\ a\e energ~ using fest Method 
D ~6.~~. 

:-;'. m I The rchabiluy ol c.lata ilOd intcrpr~taiJon' £1!ncratcd h~ 1h1' 

pra.:ucc j, c.lcpcndcnt nn the cnmpctcn.:c of the pcm1nncl pcrlonmng 11 

'--'.--., V~5e008. u..<c-• L.ioa 
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Section A-A 

Ca) counterclockwise rotation 
approximately T 31 turns 

 

)b) clockwise rotation 
approximately 	turn:. 

Section B- B 

FIG. I Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

and the suitability of the equipment and facilities used. Agencies that meet 
the critena of Practice 1) 	generally are considered capable of 

competent testing. Users of this practice are cautioned that compliance 

with Practice I) .17.4o does not assure reliable testing. Reliable testing 
depends on several factors and Practice I) .17,40 provides a means of 

evaluating some of these factors. Practice I) 3740 was developed for 

agencies engaged in the testing. inspection, or both, of soils and rock. As 

such, it is not totally applicable to agencies performing this practice. Users 

of this test method should recognize that the framework of Practice 
I) :;74tl is appropriate for evaluating the quality of an agency performing 

this test method. Currently, there is no known qualifying national authority 
that inspects agencies that perform this test method. 

5. Apparatus 

5.1 Drilling Equipment—Any drilling equipment that pro-
vides at the time of sampling a suitable borehole before 
insertion of the sampler and ensures that the penetration test is 
performed on undisturbed soil shall be acceptable. The follow-
ing pieces of equipment have proven to be suitable for 
advancing a borehole in some subsurface conditions: 

5.1.1 Drag. Chopping, and Fishtail Bits. less than 61/2  in. 
(165 mm) and greater than 21/4  in. (57 mm) in diameter may be 
used in conjunction with open-hole rotary drilling or casing-
advancement drilling methods, To avoid disturbance of the 
underlying soil. bottom discharge bits are not permitted: only 
side discharge bits are permitted. 

51.2 Roller-Cone Bits. less than 61/2  in. ( 165 aim) and 
ereater than 21/4  in. (57 mm) in diameter may be used in 
conjunction with open-hole rotary drilling or casing-
advancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem Continuous Flight Augers, with or with-
out a center bit assembly. may be used to drill the borehole. 
The inside diameter of the hollow-stem augers shall be less 
than 61/2  in. (165 mm) and not less than 21/4  in. (57 mm). 

5.1.4 Solid, Continuous Flight, Bucket and Hand Augers. 
less than 61/2  in. (165 mm) and not less than 21/4  in. (57 min) in 
diameter may be used if the soil on the side of the borehole 
does not cave onto the sampler or sampling rods during 
sampling. 

5.2 Sampling Rods—Flush-joint steel drill rods shall he 
used to connect the split-barrel sampler to the drive-weight 
assembly. The sampling rod shall have a stiffness (moment of 
inertia) equal to or greater than that of parallel wall "A" rod (a 

'steel rod that has an outside diameter of 1-5/8 in. (41.3 mm) 
and an inside diameter of 1-1/8 in. (28.5 mm). 

5.3 Split-Barrel Sampler—The standard sampler dimen-
sions are shown in Fig. 2. The sampler has an outside diameter 
of 2.00 in. (50.8 mm). The inside diameter of the of the 
split-barrel (dimension D in Fig. 2) can be either 11/2-in. (38.1 
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FIG. 1 Definitions of the Number of Rope Turns and the Angle for (a) Counterclockwise Rotation and (b) Clockwise Rotation of the 
Cathead 

:md th~ 'uit:thllity ofth•· Cl(tnpmcm .mu t.Ktlui.:' u-.cd. i\gcncic~ that m.:ct 
the >:ntt:na nt PralltCt' () n .. o generally arc cun~akrcd capable ot 
"''npctcnt tc,ung. tl'cr' nl tlu' pra.:ttcc arc cauuoncd that compliance 
\\ llh Pratt ICC n 3i40 doc' nut il'\III"C rcltahlc tl'\ting. Rcliahlc te,tmg 
depend' on 'cvcral l:tctol"\ and Pmcucc D 3740 pmvtdc' a mean' of 
e' aluaung "'mt: uf thc'c factor\. Pr.tcllc.: D 37 '~a' devclnp.:d fur 
agcnttc' engaged m the tc,ung. in,pccuon, or both, of 'oth and rock. "' 
'uch. 111' nnttutally appltcablc to agencic' p.:r1c>nmng tht' practice. u,cr' 
of till\ tc't method ,(mule! rccogni7c that the fmtnc\H>rh. of Pract~<:c 

D ~ '.1() ., appropnatc for evaluating the quality of an agcm:y pcrfimmng 
tht' t.:,tmcthod. Curr,·ntl). thcre ., no l..ncmn qualtt~mg nattonal aUlht>nt) 
that •n'pc'th .tg.:ne~e' that pcrl<lrtn tht' tc't method 

5. \ppar:llu' 

5 I Dnlfillf.! l:.qt11pmen1-Any drilling equ1pmcnt that pro
nde' at the time of ~ampling a .. uitahle borehole before 
tn\cnion of the \ampkr und cn\ure~ that the penetration te~t 1'> 
performed on undi'>turbed '>Oil 'hall be acceptable. The folio\\
mg p1ece' of equipment have proven to be '>U ltable for 
<td\ ancmg a borehole in ~orne '>Ubsurface conditions: 

5.1 I Drag. Chopf1ing. and Fishtclil Bit.~. les" than 61/1 in 
( 165 mm) and greater than 21:. in. (57 mm) 111 diameter 111<1)- be 
u ... eu m conjunctton wtth open-hole rOta!) drilhng or ca'>mg 
ad\ ancemcnt dnlltng methous. To a\ ord dl\turbance of the 
underlying 'oil. bottom dt'>charge hit' are not pem1itted: only 
srde dl\charge bll~ are permitted. 

Coov'•Or-.1 ASTM in(ttrNtlon&l 
P....-l>I"IHS•-k--ASTM 
No rwptOduclon 01 ner~ r,g Pl'm.n.cl WllhOul ilcenM horn IHS 

5.1 .2 Roller-Conc· Bi1.1. )e..,, than 6!r2 111. ( 165 mm 1 and 
greater than 2''a 111 (57 mm) in diamt:ter may he used 111 

conjunction with open-hole rotary dnllmg or ca,ing
adnncement dri lling methods rf the drilling Ou id dtscharge " 
deflected. 

5.1.3 Hollow-S/em ContimtOLH Flight Augers. with or wtth
out a center htt :l~'>embl}. may be u~ed to dnll the borehole. 
The inside diameter of the hollO\\ -stem auger~ .. hall he I e-., 
than 61 1 tn. {165 mm) and not le\<. th.m 21 • 111 (57 mm) 

5.1.-t Solul, Coni/IIIW/1\ Flt~lll. Buc-kt•l a11cl /land \ugt'n. 
Je,s th.m 61'1 in ( 165 mm) and not Je..,., than 21/4 tn. (57 mm) in 
diameter rna) be used 1f the ,ot) on the 'olde ol the horcholt.' 
uoe' not ca\ e onto the -.,unpler or -..,1m piing rod' dunng 
'amphng. 

5 2 Sampling Rods [ Ju,h-joint steel drill rod' '>hall be 
u-..ed to connect the spin-barrel sampler to the dm t:·\\eight 
a .. ,embly The samplmg rod 'hall ha\ e a sttl1ness {moment of 
inenta) equ01l to or greater than that of parallel wall "A" rod <a 

' !>teel rod that has an out-.ide diameter of 1-5/8 1n. (41 .3 mm) 
and an in~ide diameter of 1- 1/H in. (:!8.5 111111). 

5 3 Spli1-Barrel Sampler-The ~tandard sampler dimen
-.ions are shown in I . The 'ampler has an outstde dtal11eter 
of 2.00 111. (50.H mm). The instde diameter of the of the 
-..plit-barrel (dtmenston D 111 F1g. ~) can be etther 11 z-111. 1 1!!.1 
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A = 1.0 to 2.0 in. (25 to 50 mm) 
B = 18.0 to 30.0 in (0.457 to 0.762 m) 
C = 1.375± 0.005 in. (34.93 7 0.13 mm) 
0 = 1.50 - 0.05 - 0.00 in. (38.1 7 1.3 - 0.0 mm) 
E = 0.10 - 0.02 in. (2.54 ± 0.25 mm) 
F = 2.00 7 0.05 - 0.00 in. (50.8 	1.3 - 0.0 ram) 
G = 16.0' to 23.0' 

FIG. 2 Split-Barrel Sampler 

mm) or I 	(34.9 mm) (see Note 2). A 16-gauge liner can 
be used inside the 11/2-in. (38.1 mm) split barrel sampler. The 
driving shoe shall be of hardened steel and shall be replaced or 
repaired when it becomes dented or distorted. The penetrating 
end of the drive shoe may be slightly rounded. The split-barrel 
sampler must be equipped with a ball check and vent. Metal or 
plastic baskets may he used to retain soil samples. 

NillE 2-Both theory and available lest data suggest !hat Ai-values may 
differ as much as 10 In 30 % between a constant inside diameter sampler 
and upset wall sampler. If it is necessary to correct for the upset wall 
sampler refer to Practice F) otiesii. In North America. it is now common 
practice to use an upset wall sampler with an inside diameter of 11/2  in. At 

one time. liners were used but practice evolved to use the upset wall 
sampler without liners. Use of an upset wall sampler allows for use of 
retainers if needed, reduces inside friction, and improves recovery. Many 
other countries still use a constant 1D split-barrel sampler. which was the 
original standard and still acceptable within this standard. 

5.4 Drive-Weighs Assembly: 
5.4.1 Hammer and Anvil-The hammer shall weigh 140 

2 lbf (623 	9 N) and shall be a rigid metallic mass. The 
hammer shall strike the anvil and make steel on steel contact 
when it is dropped. A hammer fall guide permitting an 
unimpeded fall shall he used. Fig. 3 shows a schematic of such 
hammers. Hammers used with the cathead and rope method 
shall have an unimpeded over lift capacity of at least 4 in. (100 
mm). For safety reasons, the use of a hammer assembly with an 
internal anvil is encouraged as shown in Fig. 1. The total mass 
of the hammer assembly bearing on the drill rods should not be 
more than 250 	10 Ibm (113 	5 kg). 

Non 3-It is suggested that the hammer fall guide be permanently 
marked to enable the operator or inspector to judge the hammer drop 

height. 

5.4.2 Hammer Drop System-Rope-cathead, trip, semi-
automatic or automatic hammer drop systems. as shown in Fi 
4 may be used, providing the lifting apparatus will not cause 
penetration of the sampler while re-engaging and lifting the 
hammer. 

5.5 Accessory Equipment-Accessories such as labels, 
sample containers, data sheets, and groundwater level measur-
ing devices shall be provided in accordance with the require-
ments of the project and other ASTM standards. 

6. Drilling Procedure 

6.1 The borehole shall be advanced incrementally to permit 
intermittent or continuous sampling_ Test intervals and loca-
tions are normally stipulated by the project engineer or 
geologist. Typically, the intervals selected are 5 ft (1.5 m) or 
less in homogeneous strata with test and sampling locations at 
every change of strata. Record the depth of drilling to the 
nearest 0.1 ft (0.030 m). 

6.2 Any drilling procedure that provides a suitably clean 
and stable borehole before insertion of the sampler and assures 
that the penetration test is performed on essentially undisturbed 
soil shall be acceptable. Each of the following procedures has 
proven to be acceptable for some subsurface conditions. The 
subsurface conditions anticipated should be considered when 
selecting the drilling method to be used. 

6.2.1 Open-hole rotary drilling method. 
6.2.2 Continuous flight hollow-stem auger method. 
6.2.3 Wash boring method. 
6.2.4 Continuous flight solid auger method. 
6.3 Several drilling methods produce unacceptable bore-

holes. The process of jetting through an open tube sampler and 
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FIG. 2 Split-Barrel Sampler 

mm l or I --an. <'4.9 mm) bee :\ntc 2 ). A 16· gauge ltncr can 
he u~ed m-.Jde the I ':12-1n. (38.1 mm) 'Pitt barrel 'iampler. fhe 
uriving ~hoe '>hall be of hardened 'iteel and -.hall be replaced or 
repa1red ''hen 11 becomes dented or dJ-.torted. The penetrating 
end of the dme -.hoe may be ,IJghtl} rounded. The split-barrel 
sampler must be equipped wtlh a ball ched. and vent. \letal or 
plastic ba,J...eh may be U'>Cd to retalll ,oJ) '>amples 

~u11; :! - Both lhl'OI) anu avarlahlc lc'l dal.l '>ll!!c!"'tlhat .Y·\'alu~' Ilia) 

l.htlcr a' mu..:h a' 10 1o \0 1h hcrw.:~n a .:on,tanl m'rlk ~..hanu:~.:r 'ampler 
:mJ up'l'l wall 'ampkr. It 11 ' ' nc..:c"ar) ll> ~.orrccr hu the up,~r wall 
'ampkr rekr to Pra"i..:c [) fl{lfll'. In :-\onh ,\mcrr.:a. 11 " Ill>\\ .:umrnnn 
pracucc tn u'c an up-cl \\all 'ampler\\ ilh an rn,idc J1arm:1cr ot I~ 1m At 
''"~ unu:. liner' were U\<:U but praLltcc cvolvcu to U\C the up,ct "'all 
..arnplcr \\ithoul liner,. t;,c ut an Up'>Cl wall ,ampler alk•w' for U\C vt 
n:tamcr' tf nccucu. rcllucc-' '"''d~ trrcrrnn , and impnl\c\ n:..:m·cr) Man~ 
vth.:r counrri.:' 'ull u'c a con,wnr ID '>plil-ham:l 'ampler. '' htch "'a' the 
orrginal 'tandaru and .,utJ :tcccptahk wuhin 1hi' 'urnuard 

'iA Dnrt•-\Veight Auemb/v' 
'i -l I Hammn and Am·il-The hammer -.hall weigh 140 ::; 

, lbf (623 - 9 N) and 'hall be a rig1d metallic ma~s. The 
hammer .,hall '>tnJ...c the am II and make ~tee I on steel contact 
when it ,., dropped. A hammer fall guu.le perm1111ng an 
ummpeded fall shall be used. I ' show!> a -.chcmauc of ~uch 
hammer... Hammers used with the cathead and rope method 
shall have an unimpeded over lift capac1Ly of at lea~t 4 111 (I !XJ 
mm). For safety reasons. the use of a hammer assembly with an 
mtemal an\ II "encouraged as -.hown in ri . The total mass 
of the hammer assembly beanng nn the drill rods shou ld not be 
llll'lre than ~50 - I 0 Ibm (111 ::: 5 (..g). 

~nn 3 II '' 'uggc,lcu that the hamm~r t,rll !!uidc he pcrrnancntl~ 
markcJ tn cnahlc the npcrat1.>r or '"'pccrnr ro JUdg<' lh<' hammer drop 
height. 

Copy...,.ASN ,_.,.,....., 
~~H$unc)lrtanMwt'\ASTM 
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.. 

5-t 2 Hammer !Jrop Snll:m-Rope-cathcad. tnp. 'eml
automauc or autommic hammer drop '>)Stem~. as '>hown in hg 
4 may be u~ed, prondmg the lilting apparatus wtll not cau'>e 
penetr..llton of the sampler while re-engagmg and lrfting the 
hammer. 

5.5 Accessory Equipment-Acces~ories -.uch a'> labds. 
sample ~ontamer'>, data sheet\. and groundwater level mea-.ur
mg de\lces shall be prm ided tn accordance With the require
menh nl the prOJect and other AST\1 standards. 

6. Drilling Procedure 

6.1 The borehole sh,tll be ad\'ann~d tncrcmentall) to pem1it 
mtermiuent or continuou-.. ~ampling. Test mtervab and loca
tions are nonnally ~tipulated by the proJect engmeer or 
geologr'>t. 1} p1cally, the mten·a ls selected are 5 fl ( 1.5 m) or 
Je~., 111 homogeneou.., \!rata w1th test and -..amplmg Jcx:auon-. <II 

every change of <;trata. Record the depth of dnlhng to the 
neare ... t 0.1 ft (0.030 ml. 

6.2 An) drilling procedure that prO\ tdes a suitabl) clean 
and -.table borehole before rnsenion of the sampler and "'"ure-.. 
that the penetration te'>t t'> performed on e-.senually undisturbed 
soli ~h;~ll be acceptable. Each of the fo llowmg procedure-. ha'> 
pro\·en to be acceptable tor some subsurface conditions. The 
'oubsurface condition\ anticipated should he con ... rdered when 
selecting the drilling method to be used 

6.2.1 Open-hole mtaf) dnlhng method 
6.2.2 Contmuou~ flight hollow-'>tem auger method. 
6.2.3 Wa~h boring method. 
6.2.4 Continuou-. flight -,ohd auger method. 
6.3 Se\er.tl dnllmg methods produce unacceptable bore

hole .... The proce'>S of jetting through an open tube -.ampler and 

~a~_ VA-~960458008. Uset"2CatMf LIM 
Noo lot R-. 04'11120011 Oil 0111~ MOT 



4tql)t D 1586 — 08 

COUPLING OR 
COLLAR 

L J 	 unit 01 
e414 +EU 

- SUITT 14U4iP 

DONUT 

HAMMER 

• DUX NC 

GUIDE TUBE 
QR ROD 

COUPLING 
OR SUB 

DRIVE HEAD 
OR ANVIL 

 

CL UPL 11401 

DRILL ROD 

DONUT HAMMER SAFE T Y HAMMER 

    

    

FIG. 3 Schematic Drawing of the Donut Hammer and Safety 
Hammer 

then sampling when the desired depth is reached shall not be 
permitted. The continuous flight solid auger method shall not 
be used for advancing the borehole below a water table or 
below the upper confining bed of a confined non-cohesive 
stratum that is under artesian pressure. Casing may not be 
advanced below the sampling elevation prior to sampling. 
Advancing a borehole with bottom discharge hits is not 
permissible. It is not permissible to advance the borehole for 
subsequent insertion of the sampler solely by means of 
previous sampling with the SPT sampler. 

6.4 The drilling fluid level within the borehole or hollow-
stem augers shall he maintained at or above the in situ 
groundwater level at all times during drilling, removal of drill 
rods, and sampling. 

7. Sampling and Testing Procedure 

7.1 After the borehole has been advanced to the desired 
sampling elevation and excessive cuttings have been removed, 
record the cleanout depth to the nearest 0.1 ft (0.030 m), and 
prepare for the test with the following sequence of operations: 

7.1.1 Attach either split-barrel sampler Type A or B to the 
sampling rods and lower into the borehole. Do not allow the 
sampler to drop onto the soil to be sampled. 

7.1.2 Position the hammer above and attach the anvil to the 
top of the sampling rods. This may be done before the sampling 
rods and sampler are lowered into the borehole. 

7.1.3 Rest the dead weight of the sampler. rods, anvil, and 
drive weight on the bottom of the borehole. Record the 
sampling start depth to the nearest 0.! 0 (0.030 m). Compare  

the sampling start depth to the cleanout depth in 	I . If 
excessive cuttings are encountered at the bottom of the 
borehole, remove the sampler and sampling rods from the 
borehole and remove the cuttings. 

7.1.4 Mark the drill rods in three successive 0.5-foot (0.15 
m) increments so that the advance of the sampler under the 
impact of the hammer can be easily observed for each (1.5-foot 
(0.15 m) increment. 

7.2 Drive the sampler with blows from the l40-lbf (623-N) 
hammer and count the number of blows applied in each 
0.5-foot (0.15-m) increment until one of the following occurs: 

7.2.1 A total of 50 blows have been applied during any one 

of the three 0.5-foot (0.15-m) increments described in 	I -1. 

7.2.2 A total of 100 blows have been applied. 

7.2.3 There is no observed advance of the sampler during 
the application of 10 successive blows of the hammer. 

7.2.4 The sampler is advanced the complete 1.5 ft. (0.45 m) 
without the limiting blow counts occurring as described in 
7,2 I. 	. or 7 2 

7.2.5 If the sampler sinks under the weight of the hammer. 
weight of rods, or both, record the length of travel to the 
nearest 0.1 ft (0.030 m), and drive the sampler through the 
remainder of the test interval. If the sampler sinks the complete 
interval, stop the penetration. remove the sampler and sampling 
rods from the borehole. and advance the borehole through the 
very soft or very loose materials to the next desired sampling 
elevation. Record the N-value as either weight of hammer. 
weight of rods, or both, 
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then 'ampling '~hen the de,ired depth i' rea~hed shall not be 
permmed. The ~ontinunu-. !light ~olid auger method shall not 
be u'ed tor advancing the borehole bel0w a water table or 
bdn\\ the upper confining bed of a contined non-cohe~l\e 
-.tratum that is under arte"an pressure. Ct'>tng may not be 
at.lvanced below the sampling elevatton prior to sampling. 
Ad' ancing a borehole wtth bottom di,charge hits r-. not 
permi,sible. It r-. not permi-.-.ible to advance the borehole for 
'uhsequent m-.ertron ot the -...rmpler solely h> me;tn, of 
pre' inu-. .. ampling \\ ith the <;PT '..rmpler. 

ll..t rhe drilling tlurd level \\ llhm the hmehole 01 holln\\
.. tem .ltlgers shall he maintained :I! or o.~~n l' the m 'itu 
gruuml\\ ater le' el at all time-. uuring urilhng. rermwal ot drill 
fllth. and sampling. 

7 . .Sampling and 1htin~ Procedure 

7 I After the borehole ha-. been advanced to the desireu 
sampling elevation and exces-.ive cunmg' ha\e heen removed. 
record the deannut depth to the nearest 0 .1 ft CO.CUO m). and 
prepare tor the test \\ ith the following sequent..:e of opcrauons: 

7. 1.1 Attach enher srlit-harrel 'ampler ' J~ pe A nr B to the 
sampling rod' and lower into the borehole. Do not alto\\ the 
sampler to drop omo the -.oil to be ~.1mph:u 

7 .1.2 Positron the hammer above and attach the am it to the 
top ot the sampling mds. Tim may be done before the sampling 
roJ, and sampler are lowereu into the borehole. 

7.1 3 Re~t the dead \~erght of the -.ampler. fO(h. afl\il. and 
Jme "eight on the bonom of the borehole Record the 
.. ampling start depth to the nearest 0. I It (0,030 ml Compare 

eov,~ ASr•• _, 
PtoviOed Do¥ IHS uno. licenM 'Ill tt\ ASTM 
N-) reproOuCtiOn or~~~~ w~ lleef'\M trom IHS 

the s.unpling start depth to the cleanout depth in 7 I. If 
e\ce,si\e cunmg'> are encoumeretl at the bonom ot the 
borehole. remove the -,ampler and .. ampling rods from the 
borehole <md remove the cutting ... 

7.1.4 !\1arJ,. the drill md'> in three -.uccessrve 0.1 foot (0.15 
m) increments -,o that the advance ol the -,ampler under the 
impat..:t of the hammer can be ea-.ily nbsened for ea~.:h 0 5-foot 
(0.15 m) increment 

7.2 Dnw the sampler w11h him" from the 1-10-lhf !623-:-\) 
hammer .mu count the number of blows applied 1n each 
0.5·1<)()t ((} I 5-m) muement until one of the tollm1. mg occurs: 

7.2 I A totall)l 50 hlm\S ha'e been applied dunng any one 
ot the three 0 '1-foot (0.15-m) incremem' de-.criheu Ill 7 I ·1. 

7.2.2 A total ot 100 blows ha,·e heen applied. 
1.2.3 There i-. no ob-.erved ad' ance of the sampler during 

the application of I 0 -.uc~.:e,,i, e hlo\\~ of the hammer 
7 2.4 The sampler i-. advanced the complete 1.5 ft . (() 45 ml 

without the lumtlng blow counts occurring i.ls des~nhed m 
7 :! I , 7 2 1. or 7 2 3 

7 2.5 If the sampler -.ink-. under the weight of the hammer. 
werght ot roo-.. or both. reuud the length of uavel Ill the 
neare ... t 0 I ft (0.030 rn). and dnve the .. ampler through the 
remainder of the te~t mten·al. It the sampler \rnk-. the ~omplete 
interval. :-.top the penetration. remo\e the sampler and -.amphng 
rods from the borehole. anti advance the borehole through the 
very -,oft or very loose materiab to the ne:-.t desrred sampling 
etc' auon. Record the .V-value as either \\erght of hammer. 
\\eight of rod-., or both 
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FIG. 4 Automatic Trip Hammer 

7.3 Record the number of blows (N) required to advance the 
sampler each 0,5-foot (0.15 mi of penetration or fraction 
thereof. The first 0.5-foot (0.15 ml is considered to be a seating 
drive. The sum of the number of blows required for the second 
and third 0.5-foot (0.15 m) of penetration is termed the 
"standard penetration resistance," or the "N-value." If the 
sampler is driven less than 15 ft (0.45 m), as permitted in 

2 1 , 	2. or 7  2.1, the number of blows per each complete 
0.5-foot 10.15 mi increment and per each partial increment 
shall he recorded on the boring log. For partial increments. the 
depth of penetration shall he reported to the nearest 0.1 ft 
(0.030 nil in addition to the number of blows. If the sampler 
advances below the bottom of the borehole tinder the static 
weight of the drill rods or the weight of the drill rods plus the 
static weight of the hammer, this information should he noted 
on the boring log. 

7.4 The raising and dropping of the 140-lbf (623-N) ham-
mer shall be accomplished using either of the following two 
methods. Energy delivered to the drill rod by either method can 
be measured according to procedures in Test Method 1) -1631 

7.4.1 Method A—By using a trip, automatic. or semi-
automatic hammer drop system that lifts the 140-Ibf (623-N) 
hammer and allows it to drop 30 1.0 in. (0.76 m ± 0.030 m) 
with limited unimpedence. Drop heights adjustments for auto-
matic and trip hammers should be checked daily and at first 
indication of variation'. in performance. Operation of automatic 
hammers shall be in sirict accordance with operations manuals. 

7.4.2 Method B—By using a cathead to pull a rope attached 
to the hammer. When the cathead and rope method is used the 
system and operation shall conform to the following: 

7.4.2.1 The cathead shall be essentially free of rust, oil, or 
grease and have a diameter in the range of 6 to 10 in. (150 to 
250 mm). 

7.4.2.2 The cathead should be operated at a minimum speed 
of rotation of 100 RPM. 

7.4.2.3 The operator should generally use either 1-3/4 or 
2-1/4 rope turns on the cathead. depending upon whether or not 
the rope comes off the top 11.3/4 turns for counterclockwise 
rotation) or the bottom 12-1/4 turns for clockwise rotation) of 
the cathead during the performance of the penetration test. as 
shown in Fig. 1. It is generally known and accepted that 2-3/4 
or more rope turns considerably impedes the fall of the hammer 
and should not be used to perform the test. The cathead rope 
should be stiff, relatively dry, clean, and should be replaced 
when it becomes excessively frayed, oily. limp, or burned. 

7.4.2.4 For each hammer blow, a 30 	1.0 in. (0.76 m 
0.030 m) lift and drop shall be employed by the operator. The 
operation of pulling and throwing the rope shall be performed 
rhythmically without holding the rope at the top of the stroke. 

No-rt. 4—If the hammer drop height is something other than 30 	1.0 
in. t0.76 m -± 0.030 mt. then record the new drop height. For soils other 
than sands, there is no known data or research thin relates to adjusting the 
N-value obtained from different drop heights. Test method f 5 -tro. 
provides information on making energy measurement for variable drop 
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7.3 R~cordthe number of blo"' r.\'l required to ad,;.m~..:e the 
,;unplcr each 0 5-foot (() 15 ml of penetration or fraction 
thereof. The lir-.t 0.5 foot (0 15 ml ''considered til be a 'eating 
drhc. fhe ... urn ol the number of blow' reqUJred for the 'econd 
and third 0.5-lllllt (0. I 5 m l ol penetral!on i' termed the 
··,tandard penetrauon re'i'tance:· or the ··N-,alue." II thl! 
'umplcr i' dri' l!n less than I 'i ft !OA5 ml. a' permitted in 
' 2 l. 2 . or 2 1. the number llf bll)\'.., per each complete 

05-toot (() I 'i ml mcrement and per ea~h partl ,ll mcr~ment 
,h,1ll he re..:orded 1111 the boring log. f-or panwl tncn:ment\. the 
depth of penetration ,h,dl he reponed to the neare't 0.1 ll 
(fi.{UO ml m addltton to the number of blow\. II the 'ampler 
advance' hdow the houom of the borehole under the stati~ 

"eight111 th~ dnll rods or the wetght of the drill rmh plu.., the 
'tatic '"-~ight ol the hammer. thl'• mformation .,hould be noted 
on the b11ring log. 

7.-1 The rai-.mg and dropping of the 1~0-lbf (623 \1) ham · 
mer -.hall be <ll'complishcd u'ing either ol the lniiO\\ mg two 
meth1xb. Energ} dell\ crcd to the drill rod h~ either method can 
be mea,ured according Ill procedure' in Tc't \1ethod D 46B. 

7.-t I \ft·tlwd ,\ 8;. usmg a tnp .• tutomauc. or '>emt 
.tutomatic hammer drop sy..,tem that hft.., the 140-lbf <621-:\) 
hammer and allm\s it to drop 30:::: 1.0 in. (0.76 111 :: 11.030 m) 
"ith limited ummpedenct:. Drop heights adju,l!nenh for auto· 
matie and tnp hammer' 'hould be checked daily and at lir .. t 
tndte;~uonol variation .. 111 performance Operation nl automatic 
hamm~r' 'hall b~ m .. trict accordance '' ith operation., manuah. 

eoo,.,ogoo ASTloll-• 
Pfovded ~liS under lanM v. l'\ ASTfllt 
No '~ton 01 neta'OA:no ~ 'dl"'out htet\H t•om ~s 

7.4.:2 Mt•fhod /J- B;. u .. ing a cathead to pull a rupe allal·hed 
to the hammer. When tht: cathead and nlpe m~thod '' u,eJ th~ 
')'tl!m and operation 'hall conlimn to the follmvmg: 

?A.::!. I The cathead 'hall be e'o\enually free of ru't. oil. or 
grea'e and ha\c a dtameter in the range ol6 to 10 tn . I 1511 to 

250 rnm). 
7.4.2.2 The cathead .,h,wld be operated at,, minimum speed 

of rot.ttion t>l I 00 RP:\1. 
7.4.2.3 Th~ operatOr -.hould gen~rall) U\C ~ith~r 1-3/4 tlr 

:2-1/4 rope turn' on the l'athead. dependmg upon wh~ther nr not 
the rope come-. nlf the top ( 1·3/4 turn' lor counterclod," i'C 

rotation) or the bottom (2 1/4 turns tor clod.;wi'c rowtJOn) ot 
the cathead during the performance nf th~ penetration te't. a' 
.,ho\\n in ltJ . It •~ generall} kno"n and accepted that 2-J/4 
or more n'pe turn., eon.,tderably impedes the !all of the hammer 
and should not be u<,ed to pafnrm the te't The cathead rope 
.. hould be .. utl, relattvely dl). dean. und 'ohould he replaced 
when it becomes exce''''CI) frayed. Oil). limp. or hurned . 

7 .-1.2.4 For each hammer blm\. a 30 :: 1.0 in. t0.7o m = 
0.030 ml lift and drop .. hall be employed h) the operator. The 
operation of pulling and throwing tht: rope 'hall be perl(mned 
rhythmically without holdmg the rope at the top nl the 'truke. 

:-:on. -1--lf the hammer drop h.:ooght j, s..>rm·thonl-! othl'r than 30 :! 1.0 
in 10.7tl m = () 010 m), thcn rcwrd the new drop hcoght f-or \Oil~ other 
than 'and,, there h nn k.nO\\ n data or res.:ar,h that rclat.:' to> :od)u,tong I hi.' 
,v.,ufuc ohtarncd fmrn drllcrcnt drop hcoj!hh k-r mcth•!d I>~~~ • 
prm rd.:' onlo>rmatinn on mal..ong o:ncrgy nu:a,urcon~nt tnr ',rrmhlc dmp 
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heights and Practice D 1:10(1t,  provides information on adjustment of 

,Y value to a constant energy Level (60% of theoretical. N60). Practice 
l)f14)40,  allows the hammer drop height to be adjusted in provide 60 
energy. 

7.5 Bring the sampler to the surface and open. Record the 
percent recovery to the nearest I % or the length of sample 
recovered to the nearest 0.01 ft (5 mm). Classify the soil 
samples recovered as to, in accordance with Practice D 2488. 
then place one or more representative portions of the sample 
into sealable moisture-proof containers (jars) without ramming 
or distorting any apparent stratification. Seal each container to 
prevent evaporation of soil moisture. Affix labels to the 
containers bearing job designation, boring number, sample 
depth. and the blow count per 0.5-toot (0.15-in) increment. 
Protect the samples against extreme temperature changes. If 
there is a soil change within the sampler. make a jar for each 
stratum and note its location in the sampler barrel. Samples 
should be preserved and transported in accordance with Prac-
tice 1) 4220 using Group B. 

8. Data Sheet(sfformls) 

8.1 Data obtained in each borehole shall be recorded in 
accordance with the Subsurface Logging Guide D 5434 as 
required by the exploration program. An example of a sample 
data sheet is included in k ?.piVridi!‘: N 1. 

8.2 Drilling information shall be recorded in the field and 
shall include the following: 

8.2.1 Name and location of job. 
8.2.2 Names of crew. 

8.2.3 Type and make of drilling machine. 
8.2.4 Weather conditions. 
8.2.5 Date and time of start and finish of borehole. 
8.2.6 Boring number and location (station and coordinates. 

if available and applicable). 
8.2.7 Surface elevation. if available, 
8.2.8 Method of advancing and cleaning the borehole. 
8.2.9 Method of keeping borehole open. 
8.2.10 Depth of water surface to the nearest 0.1 ft (0.030 m) 

and drilling depth to the nearest 0.1 ft (0.030 in) at the time of 
a noted loss of drilling fluid, and time and date when reading 
or notation was made, 

8.2.11 Location of strata changes. to the nearest 0.5 ft (15 
cm). 

8.2.12 Size of casing. depth of cased portion of borehole to 
the nearest 0.1 ft (0.030 

8.2.13 Equipment and Method A or B of driving sampler. 
8.2.14 Sampler length and inside diameter of barrel. and if 

a sample basket retainer is used, 
8.2.15 Size, type. and section length of the sampling rods. 

and 
8.2.16 Remarks. 
8.3 Data obtained for each sample shall be recorded in the 

field and shall include the following: 
8.3.1 Top of sample depth to the nearest 0.1 ft (0.030 m) 

and, if utilized. the sample number. 
8.3.2 Description of soil. 
8.3.3 Strata changes within sample. 
8.3.4 Sampler penetration and recovery lengths to the near-

est 0.1 ft (0.030 m). and 
8.3.5 Number of blows per 0.5 foot (0.015 ml or partial 

increment. 

9. Precision and Bias 

9, I Precision—Test data on precision is not presented due 
to the nature of this test method. It is either not feasible or too 
costly at this time to have ten or more agencies participate in 
an in situ testing program at a given site. 

9.1.1 The Subcommittee 18.02 is seeking additional data 
from the users of this test method that might be used to make 
a limited statement on precision. Present knowledge indicates 
the following: 

9.1.1.1 Variations in N-values of 100 % or more have been 
observed when using different standard penetration test appa-
ratus- and drillers for adjacent boreholes in the same soil 
formation. Current opinion, based on field experience. indi-
cates that when using the same apparatus and driller, N-values 
in the same soil can be reproduced with a coefficient of 
variation of about 10 %. 

9.1.1.2 The use of faulty equipment. such as an extremely 
massive or damaged anvil, a rusty cathead, a low speed 
cathead, an old, oily rope, or massive or poorly lubricated rope 
sheaves can significantly contribute to differences in N-values 
obtained between operator-drill rig systems. 

9.2 Bias—There is no accepted reference value for this test 
method, therefore, bias cannot be determined. 

10. Keywords 

10.1 blow count; in-situ test: penetration resistance; soil-, 
split-barrel sampling: standard penetration test 
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hcij!ht- and Pra~ti~~· I> b01J6 pru1 id~s intorrnatilln on adju,tmcnt ol 
\ ' valu~ I<> J WlhiJnt energy lcvl'l {fill~ ul thc<>rctll;al, ::-.;601. Pra.:tic.: 
ll (,!Ill(• .11lu1\' the h.lllllllcr drnp h.:tght Ill be adJU,tcd to pnll'tllc 60 'N: 
C:OI.'I£) · 

7.5 Bring th~ ... ampkr to the ... urtac~ and o~n. Record the 
~rcent recm er) 10 the neare't I c:, or th~ length of 'ample 
reco1en:d to the neare-.1 0.01 ft 15 mmi. CI~Mif) the ..,OJ) 

'"mp)e, r~covered '" to, in accordance with Practice f) ': 

then place one or more repre ... entatiH! ponwn' ol the .,ample 
tlllll ... ealallle mnt,turc pro11f container' (Jar-.l \\ ithnut ramming 
or Ul\tonmg any .tpp:ucnt 'tratilication. Seal each contamct to 
prevent e1aporatron nf 'oil moi,ture Afli' label' to the 
COlll<tlllt:r' hearing jnh U~'tgn.llillll . horing 11Utn!ler, 'ample 
depth. :lllU the Ill ow UlUill ~r 0.5-loot (() 15-111) increment. 
Pr,ltect the -.ampk' agauht e\treme t~m~rature changes. It 
ther~ '' a 'oil chang~ withm the -.ampler. make a Jar for each 
'tratum and note ih luc;Hion in the -.ampler bane!. Sample' 
'hnulu be pre-.~ned anu tran,poneu in accoruance wnh Prac
tic~ () ,,p- u-.mg Group B. 

8. Data Sheeti<,)/Form('>l 

'i I Data ohtametl 111 each b1lrehole ... hall llc record~d m 
<Jccmdance 11.11h th~ Suh,urface Loggmg Gutdc: D 54 ~4 a ... 
requtred h) the e'plmatmn program. An e\amplc: of a 'ample 
data 'hect ~~ mclutleu in Append!\ X I. 

!\ .2 Dnlhng mformatton ~hall be recorded tn the field and 
'hall mcludc the fo llowmg· 

R . ~.l "lame and locauon of job. 
8.2 2 'am~' of eTC\\. 

S.2 ~ l~ J>c! anti mal-.c of tltilhng machme. 
X.:! -1 W~ather cnnditton .... 
S.2 5 Date and tim~ nl 'tart ;md tini'h of hnrc:hole. 
S.2.1l Bonng number anti location (~tation anu coordinate'>, 

1t avatlahle anti appltcahle). 
~.2., Surtac~ ~le\,llltln, 1f avatlable. 
X.2 'I ~1ethod ol atlvancing and cleamng th~ borehole. 
X.2.9 \1ethotlof 1-.e~pmg horehol~ open. 
~.2. 10 Depth of wat~r ... urfac~ to the n~are~t 0.1 It (0.030 m) 

• mu dnlhng depth to the: nearest 0.1 ft (0.030 m) at the ume of 
a not~d Jo,, ot drilling llutd. and time and date when readtng 
nr notauon wa., mad~. 

S 2. I I Location of 'traw change-.. Ill the nearest 0.5 ft ( 15 
em). 

X.2 1:! Stze of C<htng. tlepth of ca,etl ponJ()n ot borehole to 

the nearC\1 () I n (0.010 Ill), 

Ccoyng~>~ AST\1 """"""<>~"" 
Pn>·-l>riHS--•"'ASTM 
N<:)l~ ~ Mtwo"•.ng ~od ~ llc:enM f"')m IHS 

., 

X.2.13 Lqutpmcnt anu ~lethod A or 8 of tlm.ing 'ampler. 
l:U. I-1 Sampler length anti in,ide tltameter uf barrel. anu it 

a c,ample ha-.kct retamer 1' used. 
X.:! . IS Stze. type. anti 'ection length ol the ... amphng rod .... 

and 
8.2.16 Remar"-'· 
S.3 D.tta obtained for each 'ample 'hall he rccmdeu in the 

f1dtl and 'hall tnclutle the following: 
S.3.1 Top of 'ample dc:pth to the nearc:'t 0. 1 ft (0.1130 m) 

and. if utili1cd. the -.ample number. 
S.3 2 oc: ... cnpuon of \Oil. 
8.3 ' ')!rata change' \\ ithin ~ample. 
l\.3.4 S,unpJer penetr;ltion and reCOICf)' length' Ill th~ near

est 0. I ft 10 030 m). anu 
lU 5 'umber ot hlo''' per 0.5 foot W.OI5 m) or pant<~l 

incr~ment 

9. Precision and Bias 

l) I PrC'n\Hm--Te-..1 tlata on prect,ton 1\ nm pre-.entctl tlue 
to the nature of th" te-.1 method. It '' cllher nut fca\lllle 11r Hl\> 

C(htl) at th1' time to ha1c ten Clr more agencie' pantc1pa1c: 111 
an in 'itu te,tmg program at a gi,en 'iLe. 

9 I. I The Subwmmlltc!~ I S.02 i' -.eeking utltlitional u;lla 
from the u'ers ot thi' te't m~thod that mtght be u-.~tl to n1.1ke 
a ltmited ,t,uement on precr-.mn . Pre,ent J-.no1.1 letlgc: tndu:~ue, 
the following· 

9.1.1.1 Vunation' 111 N-1alue' of I 00 0C or more ha1 e bc:~n 
oh,ervcd when using tliffcrcnt ·.t~tndard penetrauon te'>t appa
ralll~· and driller-. for adjacent horehole' m the -.a me 'o1l 
tnrmation. Current opinion. h;hed on fieltl c'pcric:ncc. indi
cate:' that 1.1hcn u ... mg th~ -..rme apparatu' and driller. N-\a)ue-. 
1n the 'amc 'oil can be! reproduced '' ith a wdfkient of 
\·ariation of ahout I 0 r;r 

9. I 1.2 The u\e ol fault) equipment. 'uch a\ an c"rcmcl) 
mass I\ e or damaged anvil. a ru't) cathc:atl, a low s~ell 

catheatl. an o ld, Oil) rope. nr ma-.-.ivc or poorly luhricatetl rope 
shca\es can -.rgnihcamly contribute to dtllerencec, in .V-,·alue' 
ohtamed llc:tween operator-drill rig -.y-.tem, . 

9.2 llitu-There '" no acc~pted reference value for th" te't 
method. thc:refore. bra-. cannot he detcrrninetl. 

10. KC)\\ Ord<, 

I 0.1 blow count: trl-,ttu te.,t; penetrauon rc:-.r ... tancc:: 'ml: 
'>plll·hand sampling. 'tantlard penetration test 
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SUMMARY OF CHANGES 

Committee D18 has identified the location of selected changes to this standard since the last issue 
(D 1586 - 99) that may impact the use of this standard. (Approved February I. 2008.) 

111 There have been numerous changes to this standard to list 
them separately. From the most recent main ballot process. 
additional changes were requested and incorporated into this 
newest revision. Stated below is a highlight of some of the 
changes. 
12) Scope was completely revised. 
13) Referenced Documents updated to include new standards. 

(4) Terminology: added section on Definitions. 
(5) Significance and Use: clarified use of the SPT test. 
(6) Apparatus: general editorial changes. 
(7) Sampling and Testing Procedure: general editorial 
changes. 
(8) Data Sheets/Forms: general editorial changes. 
(9) Precision and Bias; added Sections i) 1 1 1 and y  1 1 2. 

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned 
in this standard Users of this standard are expressly advised that determination of the validity of any such patent nglits arid the nsk 
of infringement of such rights. are entirely their own responsibility 

This standard is subject to revision at any time by the responsible technical committee and must he reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comnlehts are invited either for revision of this standard or for additional standards 
and should be addles-Sad to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the 
responsible technical committee, which you may attend. If you feel that your comments have not received a lair hearing you should 
make your views known to the ASTM Committee on Standards, at the address shown below 

This standard is copyrighted by ASTM international ;00 Barr Harbor Onve. PO Sox C700 West C0115h0hOCkert PA 19428.2959, 
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above 
address or at 610.832-9585 (phone). 610-832-9555 flax). or service*astmorg (e-main: or through the ASTM website 
(wwwasrm org) 
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Sll\1\1 \RY OF CH\:'IIGES 

Cnrnmiue~ D I x h•" identified thc: lncmron of 'elt'ct~d chang~' to thi' 'tandard 'im:~ th~ l:ht '"u~ 
( D 15X6 -lJ9) that may impact the u ... c: ol thr' -.tandard . IAppnl\~d l'ehnrary I. .::!OOX.) 

(I) l'herc: h:l\ c: been numcrou' change' to thi' -.tandard to Ji,t 
thc:rn 'cparatc:h From the 1110\t recent main ballot pron:-.-.. 
m.klitinnal ~:hange.., were reque..,ted and incorporated 11110 thi.., 
llC\\I!\t rc:'>'i,mn. Stated belm\ i-. a hrghhght ol '<une nf the 
chanl~t:' 

(.1) Terminology: added 'ecuon nn Dc:tinitrnn' 
C.il \Jgntlicance and lbe: danlied u'e ol thl! SJ>'J te,t. 
(61 .\pparatus: general editorial change,. 
(71 Sampling and Te,ting Pmccdurc: : general editorial 
change' 

I 21 Scop~: '''"' complc!tely re\ i\ed. 18) Data Sheeh/Fonn.., general ednorial changes. 
1 >1 Rclt'rc:rll:ed Dm:umenh updated to mcludc Ill''~ ... wnd;~rd .... (9) Precr,ron and Bia' added Sclllnn' 9 I I I ;md 9 I ' 

~t ..... ASTMI-

ASTM lntemar.ona'takes no posii<On respect1119 the v;~lidttv of any patent nghts asserred m connectiOn W•tn any ,,rem menttoned 
m flitS srandard Users of lhts sranoard are expressly adiiiSBd rnar derermrnal!on of the valtdtty of any such parent nghts and the nsk 
of mlnngement of such ngnts, are enr.rely their own responsibif1/y 

Th1s standard IS sutJ,ectto re"'stOn at any ttme by the rosponsiblo toctln.cal commt/lee and must be revreWfH! Ollflry lrvo years and 
rf nor reVIsed. etther reappro~ed or witharawn Your comments are II!VIIed a.mer tor rev1st0n of lhts standard or tor addJtiOfllll standards 
and should 1>e addressed to ASTM /nrerna/1()()8/ HeadqiJBners. Your comments wt/1 receiVe careful consider a bon eta meettng olthe 
responstiJ/e tectlntCal ccmnll:tee, which you may attend. II you feelll'lal your comments have not receJVDO a fa If heaong yov should 
make your wews hnown to the ASTM Commmee on StandardS. at me address shown below 

Thts standard IS cop-yngllled by ASTM lnrematiOnal, tOO Barr HartJOr Dnve. PO Box C700 West Consllohocl<en. PA 19428·2959. 
Un.ted Staltls lndMdua' repnnts (smglo or mui/Jplo CCples) 01 tn.s standard may be oblatned by contacung ASTM at the abo~e 
address or at 610·8J2·9585 (pllone). 610·832·9555 (tax), or SBfV1Co0asrm.org (e·matl); or lhrough the ASTM webSite 
(www astm org) 

l'l 
Prtwodea Dy IHS looll"det t:::enM wt~n ASfM 
N')t~OI~ pet'nollfielwt'\OUI Kc:wltlfl'om .. S 

~-- VA/!11160458008. U...c.no., U.. 
NQc for RnM 0Cl1112001 08 0812 a.AOT 



Designation: D 1587 — 00 (Reapproved 2007)" 

Standard Practice for 
Thin-Walled Tube Sampling of Soils for Geotechnical 
Purposes' 

This standard is issued under the fixed designation t) 1587, the number immediately following the designation indicates the year of 
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reappmval. A 

superscript epsilon lei indicates an editorial change since the last revision or reapprnval. 

Thii standard luis been approved for me by agent arm of the Depanmeal of 1)eferrse 

E.' Nom—Editorial changes were made in June 2007. 

1. Scopes 

1.1 This practice covers a procedure for using a thin-walled 
metal tube to recover relatively undisturbed soil samples 
suitable for laboratory tests of engineering properties, such as 
strength, compressibility. permeability. and density. Thin-
walled tubes used in piston, plug. or rotary-type samplers 
should comply with Section 6.3 of this practice which de-
scribes the thin-walled tubes. 

Nom I—This practice does not apply to liners used within the 

samplers. 

1.2 This Practice is limited to soils that can be penetrated by 
the thin-walled tube. This sampling method is not recom-
mended for sampling soils containing gravel or larger }iii soil 

particles cemented or very hard soils. Other soil samplers may 
be used for sampling these soil types. Such samplers include 
driven split barrel samplers and soil coring devices (I) 
1) 3530, and I)1,151). For information on appropriate use of 
other soil samplers refer to I) o I t-19. 

1.3 This practice is often used in conjunction with fluid 
rotary drilling (I) 1452, 1) 5783) or hollow-stem augers 
(1)01 51). Subsurface geotechnical explorations should be 
reported in accordance with practice (1) 5434). This practice 
discusses some aspects of sample preservation after the sam-
pling event. For information on preservation and transportation 
process of soil samples. consult Practice C) 42211. This practice 
does not address environmental sampling; consult 1) 6169 and 
I) 0232for information on sampling for environmental investi-
gations. 

1.4 The values stated in inch-pound units are to be regarded 
as the standard. The SI values given in parentheses are 
provided for information purposes only. The tubing tolerances 
presented in Table I are from sources available in North 

' This practice is under the jurisdiction of ASTM Committee 018 on Soil and 

Rock And is the direct responsibility of Subcommittee 018.02 on .Sampling and 

Related Field Testing for Soil Evaluations. 
Current edition approved May 1, 2007. Published July 2007. Originally approved 

in 1958. Last previous edition approved in 2003 as D1587 - 03. 

America. Use of metric equivalent is acceptable as long as 
thickness and proportions are similar to those required in this 
standard. 

1.5 This standard does not purport to address all of the 
safety concerns, if any, associated with its use. It is the 
responsibility of the user of this standard so establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. 

1.6 This practice offers a set of instructions for performing 
one or more specific operations. This document cannot replace 
education or experience and should be used in conjunction with 
professional judgment. Not all aspects of this practice may be 
applicable in all circumstances. This ASTM standard is not 
intended to represent or replace the standard of care by which 
the adequacy of a given professional service must be judged. 
nor should this document he applied without consideration of 
a project's many unique aspects. The word "Standard" in the 
title of this document means only that the document has been 
approved through the ASTM consensus process. 

2. Referenced Documents 

2.1 ASTM Standards: 
1) 653 Terminology Relating to Soil, Rock. and Contained 

Fluids 
[) 1452 Practice for Soil Investigation and Sampling by 

Auger Borings 
I) 1586 Test Method for Penetration Test and Split-Barrel 

Sampling of Soils 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Procedure) 
D 355(1 Practice for Thick Wall, Ring-Lined, Split Barrel, 

Drive Sampling of Soils 
D 37-111 Practice for Minimum Requirements for Agencies 

Engaged in the Testing and/or Inspection of Soil and Rock 

For referenced ASTM standards. visit the ASTM website, wwwa.sim.org. nr 

contact ASTM Customer Service at service@tretun.org. For Animal Book of ASTM 

Standards volume information, refer to the standard's Document Summary page on 
the ASTM wehsite. 

*A Summary of Changes section appears al the end of this standard. 
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/NTER~OHAL 

Standard Practice for 
Thin-Walled Tube Sampling of Soils for Geotechnical 
Purposes1 

nu~ 't.amJan.J '' J\,Ut..:J Ulh.kr the fi\Cll Jlo.!:-.1~11.1(1011 () 15S7· the IIUillhcr lmntr-dtiJICI)' h.llftl\\ Ill£ lht: J(',Jg_n<.~liOU mdiL.tt~' lhr year nt 
"fl!!ln~\1 aJnplMn or. Jn the: '"-"'0'\.C nf JC\ ''10n. lhc )CUT ul last rc\·lsron ~\ uumher 111 paremhc~c:-. lll\lh.:.ue, th~ y~.u of lu't rl!"~ppru~;tl. F\ 
'upcr<-if..'npl cp,!lnn tr) m•.ltcat'---s an C't.lrton.r1 ...:h~mgl" 'uH:e 1hc l~l,f n:\1s1un OJ re.tppr~will. 

f '<u11 - Ethtunal ~hang.:' \\Crc rn.uJc in June 21Kl7 

J. Scope• 

I I Tht\ practice cmer.., a procedure for U'>mg a thin-walled 
metal tube to reco\er relati\el:. umlbturbed -.otl ... ample-, 
-,unable for laboratory te..,h ol engmecring prope111e..,, \Uch a.., 
:-.trength. compre..,sthllny . permeahiltry. and den~ll). Thm
walled tube.., used tn pt'>ton. plug. or rotary-t) pe sampkr... 
... hould comply \\ ith Section l.' of th i'> practice which de
-.cnbe~ the thm-walled tube'>. 

\oo I 11m practice dnc' not appl) to liner~ u~cd within the 

'~mplcr-. 

1.2 TI1i~ Pract tce I'> llmttcd ro ..,oils that c::m he penetrated by 
the thin-walled tube. Th" '>ampllng method ,.., not recom
mended for -.amplmg ... wJ.., comaming gran~ I 01 larger ..,t;.e 'oil 
p;111tcle-. cemented or \er:. hard -,oil-.. Other -.cHI ... ampkr-. ma~ 
he u-.ed lor ... amphng the-..e ~oil tHlC' Such -.ampler-. mclude 
tim en ~pill barrel ... ampler... and -.uti conng de\ 1ce.., ll '· 
D ~5.:\U. and J hI ). For mfonnauon on approptiate u ... e of 
other soil ... ampler-. refer to ' r 

1.3 Tht '> practice i ... often used in conJunctton with fluid 
rotary dnlhng (I> 1'1 , ) or hoiiO\H,tem auger.., 
(D 6151 1. Subsurface geotechmcal exploratiOns -..hould be 
reponed 111 accordance \.\llh pra~·uce t'> l. Th1s pract1ce 
di-,cu"e' ... orne a ... pect~ ol ... ample pre ... en,ttion after the ... am
piing e\'ent. I or mlormauon on pre-.cn au on and tran ... ponatJOn 
proce" of 'oil 'ample .... conwh Practice D 422t' Tht .., pracuce 
doc.., not addre'>s em tronmental \ampltng: con..,ult > ' ,q and 
() ' ~for 111l'ormauon on sampling for em tronmental tnvesti
gauon .... 

1.4 The ,aJue.., \tated 111 111ch-pound umt... an~ to be regarded 
a'> the standard. The Sl \'alue'> gh en 111 parenthe..,es are 
provided for mtormauon pui'J'Xl'>e'> onl) The tub111g tolerance~ 
pre ... ented tn t are from -.ource-. a\'atlahle 111 'lnnh 

1 Th1' prarulc ,, unJet the JUn'J''-'H.m ,,1 \ST\1 ConHnlctt.•t: Dlh nn Snrl .mJ 
Rnck and" th~ J1rcct '"'l'"ll'lbolu~ nl Sulx:unumuee Dl~.02 on s.,mphn~ and 
Related fo~ltl Tc,lln~ h>r ';oil F,aJuauun' 

('urn:nt cJuwn appn"cJ \1a) 1. ~007. Puhh,he<J Jul~ ~tXl7. Ongmillly ~pprmeJ 
10 1'151\ J.a,t prc\IOU\ cdninn appruve<l m ~(XJJ a' D 15~7- !H. 

America. L',e of metric equl\ .tlent i-, acceptable .~., long a-. 
thtckne-.-. and proporuon' are ..,imllar to tho\e requ1red 111 thi:-. 
'>tandard 

1.5 71us .\laflliard doe.\ not purport to address all o( the 
w1(et) ('(11/C'erll.l , 1f am. a.,wcimed lt'ith it.1 11.1c. It 1.1 the 
rt'JfiOII.\ibilitv of the 11scr olthi.\ swndard 10 e\lablish ap(lm
priute .wfety and health pracllcl'.\ and dcll'l'mine 1/u applrca
bility of regulatory lrmllll/1011.1 prior 10 tne. 

1.6 Thts practice offer:-. a \Ct of instrucuon' for performing 
one or more '>pectfic operation'>. Thi~ document cannot replace 
educauon or experience and should be u-,ed 111 conJuncuon \\ nh 
prote ... ,tonal Judgment. 1'\ot all aspech of th1.., pracuce maj be 
appl1c.thle in .111 ctrcumstance<,. Thts ASTJ\1 -.tandard '' not 
intenucd to reprc\cnt or repla~.:e the .. tandard ul care by w hJCh 
the .1dequaq of a gn en profc..,..,mnal 'en tee mu ... t be judged. 
nor ... huuld tht' document he applied without con-.tdcrat ion ol 
a protect'-. many umque aspech. The word "Swndard" in thc 
IItle of tim, document mean'> onl~ that the document ha-. been 
approved through the ASTl\1 con,en'>us proces'> 

2. Referenced Documents 

2 I ASTM Standards: -
D "' Tennmolog) Relat ing to Sot I, Rock. and Contain«!d 

Flmd-. 
Prm:rtce for Sod lnve'>llgation and Sampling b) 

Auger Boring., 
') Test Method tor Penetration Te'>t and Spill-Barrel 

Sampling of Soil~ 
_ 11 Pracuce for Descnption and Identification of <;otl\ 

(Vi\uai-Manual Procedure) 
""' Pracuce for Thick Wall. Ring-Lined. Spill Barrel. 

Drive Sampling of Soils 
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TABLE I Dimensional Tolerances for Thin-Walled Tubes 

Nominal Tube Diameters from Tatte 2 A  Tolerances 

Size Outside 2 50.8 3 76.2 5 127 
Diameter in mm in. mm in mm 

Outside diameter. Do  +0.007 +0.179 +0.010 +0.254 +0.015 0.381 
-0.000 -0.000 -0.000 -0.000 -0.000 .0.000 

Inside diameter, CI, +0.000 +0.000 +0.000 +0 000 +0.000 +0.000 
-0.007 -0.179 -0.010 -0.254 -0.015 -0.381 

Wall thickness 0.007 • 0 179 0.010 - 0-254 • 0-015 0 381 
Ovalay 0.015 0 381 0 020 0 508 0.030 0.762 
Straightness 0.0301f1 2 501m 0.03041 2.50/m 0.030111 2.50/m 

Intermediate or larger diameters should be proportional. Specify only Iwo of 
the first three tolerances: that is, D,. and 0,. or 0,, and Wall thickness. or 0, and Wall 
thickness 

as Used in Engineering Design and Construction 
1) 4220 Practices for Preserving and Transporting Soil 

Samples 
1) SA r1-1 Guide for Field Logging of Subsurface Explora-

tions of Soil and Rock 
1) s Guide for Use of Direct Rotary Drilling with 

Water-Based Drilling Fluid for Geoenvironmental Explo-
ration and the Installation of Subsurface Water-Quality 
Monitoring Devices 

I) 615 I Practice for Using Hollow-Stern Augers for Geo-
technical Exploration and Soil Sampling 

D 6169 Guide for Selection of Soil and Rock Sampling 
Devices Used With Drill Rigs for Environmental Investi-
gations 

n 02 32 Guide for Selection of Sampling Equipment for 
Waste and Contaminated Media Data Collection Activities 

3. Terminology 

3.1 Definitions: 

3.1.1 For common definitions of terms in this standard. refer 
to Terminology 651. 

3.2 Definitions of Terms Specific to This Standard: 
3.2.1 inside clearance ratio, %, n-the ratio of the differ-

ence in the inside diameter of the tube. ID,. minus the inside 
diameter of the cutting edge. Dr. to the inside diameter of the 
tube. 0, expressed as a percentage (see Fig. 1). 

3.2.2 ovality, n--the cross section of the tube that deviates 
from a perfect circle. 

4. Summary of Practice 

4.1 A relatively undisturbed sample is obtained by pressing 
a thin-walled metal tube into the in-situ soil at the bottom of a 
boring, removing the soil-filled tube, and applying seals to the 
soil surfaces to prevent soil movement and moisture gain or 
loss. 

5. Significance and Use 

5.1 This practice. or Practice I) 	with thin wall shoe. is 
used when it is necessary to obtain a relatively undisturbed 
specimen suitable for laboratory tests of engineering properties 
or other tests that might be influenced by soil disturbance. 

Nan, 2--The quality of the result produced by this standard is 
dependent on the competence of the personnel performing it. and the 

suitability of the equipment and facilities used. Agencies that meet the 
criteria of Practice D 1740 are generally considered capable of competent 
and objective sampling. Users of this practice. are cautioned that compli-
ance with Practice D 1140 does not in itself assure reliable results. 
Reliable results depend on many factors.. Practice D :47411 provides a 
mcans.of evaluating some of those factors. 

6. Apparatus 

6.1 Drilling Equipment-When sampling in a boring, any 
drilling equipment may he used that provides a reasonably 

Nm-s -Minimum of two mounting holes on opposite sides for D„ smaller than 4 in. (1111.0 
Non: 2-Minimum of four mounting holes equally spaced for D„ 4 in. (101.6 tnnil and larger. 

Non: 3-Tube held with hardened screws or other suitable means. 
Nom 4-2-in (50.8 mm) outside-diameter tubes are specified with an 18-gage wall thickness to comply with area ratio criteria accepted for 

"undisturbed samples." Users arc advised that such tubing is difficult to locate and can be extremely expensive in small quantities. Sixteen-gage tubes 

are generally readily available. 

Metric Equivalent Conversions 

in. 	 mm 

ses 

2 
3 
4 
5 

9.53 
12.7 
25.4 
50.8 
76.2 
101.6 
127 

FIG. 1 Thin-Wailed Tube for Sampling 
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TABLE 1 Dimensional Tolerances for Thin-Walled Tubes 

llh - 1a1 T· be D•ametcrs from Tat!:> l "' Tolera• "•s 

SIZ!I Outside 2 508 J 762 5 127 
D•ameter '" mm 111. mm '" mm 

O..tslde rllameter, D0 +0007 +0. 179 +0010 +0254 +0.015 0.381 
·0000 ·0000 ..().000 ..()000 ·0000 ·0000 

Inside diCimeter. D, +0000 +0000 +0.000 +() 000 ... oooo •0.000 
·0.007 ..() 179 ..()010 ·0254 ..()015 ..()381 

wan thickness •0.007 • 0 .179 • 0010 • O 254 • 0.015 • 0381 
Ovahty 0.015 0381 0020 0508 0.030 0.762 
51raJQhtness o.oJO,tt 250im 0 .030111 2.50/m OOJO,ft 2.50/m 

A lnrermcd•ate or larger d•amoters should be propon•onat Speedy only two or 
I he f•rst lhreo tolerances: that IS, D0 and D., or D~ and Walt thiCkness. or D, and Wall 
truc<ness 

a~ u~ed rn Engmeering Ol!,ign and COO\trucuon 
l Pracl!ce~ for Pre,ernng and Tran,poning Sotl 

<;ample' 
~ Gurde for Field Lnggmg of <;uh-.url.ll:e r,plora-

tilllh nl ~otl and Rock 
D <i7S Gutde rnr u,e nl Direct Rotan· Drilhng '' tth 

\Vah:r-Ba-.ed Dnlhng Fluid lor Geoem iron mental hplu
rauon and the ln~ta ll ation of Suh-.urlace Wmer-Qu.thty 
~lunt!oring Dcvtccs 

D 61 'il Pracuce tor U'in~ HoiiO\\·"item Aug~:rs fot Gco
tcchntcal E\ploral!un and <ioll Samphng 

D 6 1 Gutdc for SeleliiOn ,,f Sot! and Rod.. Sampling 
De\ tt:c' U'cd With Drill Rtg~ lor fm irnnmcntal lme,ti
gattons 

D 6. Gutdc for Selection of Samplmg EqUipment lor 
\\'a,te and Contarntnated ;\ledr.t Datt Collection Acti\ Hies 

3. Terminolo~ 

.ll Dl:fintlum.\: 

3.1.1 l·ot common ddmiuons of tct m' in tht~ \tamlard. reler 
to TenninniO!!)' n (,~ •. 

>.2 01:finition.\ o{ "li·nn1 Specific to llu.1 Stmulanl: 
3.2.1 imiclr cll·mwtn• ratio. c~ . 11- the rauo of the dilll!r· 

enc.:e 111 the tn\tdc diameter of the tuhe. 0,. minus the m'tdc 
uiameter of the l'Ulling euge. De. to the 111\tde dtametcr nf the 
tube, D, e\rre, ... ed ~" <t pt:rcentage ('ee h~· I ) . 

3 2.2 (11"(1/1/r. //-the ern'' .. cc.:tion nr the tuhe that UC\ i.tte' 
fmm '' t~rkc:t circle 

4. Summar) of Practice 

4 I 1\ relamcl} undl'turbed ~ample: i' ohtained h) pr~·"mg 
a thin·\\ ailed metal lllb~: into the in-,itu 'oil at the hollom ol a 
boring. remll\ mg the 'OJI-Iilled tube. and appl) ing 'cab to the 
-;oil ,urface' to pre\elll \uti mm.ement unu 11101\tun.• gain or 

lo''· 

5. lo)i~nificancc and l'>c 

5.1 lh" prautce or Pr.tctic.:e D l 'i50 "ith thin wall 'hoe. '' 
u'cd \\hen it i' nec.:e,,ar:· to nhtain a relati1el) umJi,turbt.>d 
'pcc.:nnen ... un•thle lot lahma:nr: te't' nt engtncl!ring propcnie' 
nr nthc.:r tC\t\ that might he inftuenc.:e<.J h} \Oil Ui\tUrh.tncc 

:\mf. _ lh~ qualll} ol th~ rc,uh pwouccll h) th" ,t,mdJrd ., 
Jcpcnd~nt on the .:nmpct.:nl~ of the pcrsonnd pcrh>mung u. nnd 1hc 
'unabilit} ol the cquipmcnt and faclluic' u,c.r ,\gcn"c' that meet thl' 
cntcna ol J>radi.:c [) r'JO arl' gl·n~rall~ .:on,iJcr~.l .:npahl.: of competent 
and <>htcdin• 'amphng. ll'.:r- ol thi~ pnsdll"C an: cauunncd that <:omph· 
anl'C 11 ith PnKtic..: D l"'~O doc not 111 ihcll .a"urc rdiJok rc,ull\. 
Rchabh: rc,ulh depend on man~ factnr'; Pr.1~ll<."l' D 1~411 prm 1tfe, a 
mcan>nl c1aluatin!! "'IIW ul thu-.c la~tor' 

6. \pparatu.'> 

6 I Dril/mg l:..quitmlt'llt- When -.amplmg in a bonn g. an) 
dnlltng ~:qutpmcnt may be u ... cd that pronde~ a rc<I">Onabl) 

r_.· Length cs Spec1foed .n Method l 
f-{i Goqe os [ "mm--l -0-
m~ol lfl&d r=====Ff ===l 

~ --0,----- t + j-1 
•ns•de Clearance Ro••o = ~D' e Z i d•o (m,f(_j 

l\.4ounhr>Q Holes 

'\. 1- !\.1Jmmum ot twn muuntmg hole' on npp<hlll: ,jd~' lur D,. 'mallcr than 4 in ( 101.6 mm). 
' 2-~mnnum nt h>ur m<>unung h<>lc' l'ljllall) 'paced lor U, 4 m ( lOIII mmlund larger 
:\on: J- Tul>c hdd wuh hardcnt'd ,crew~ or other 'uuat>lc mean,, 
.\mt +- :!-m (50.~ mm) out-Jdc·dJamctcr tufx, arc 'pccificd 1~11h an IM·l!UJ!C wall tluckne" 111 wmpl) wuh area ratio .:rit.:na nc~-eptcJ lor 

"unJI,tu~d 'amph:-.'' u,c:r' me aJvJ,cd that 'uch tubmg " d11lio.:ult tu ltx"':ltc and can be c'tn:nu:l} c:xpcn,n·c 111 •mall quanlltu:' Si\lcl'11·gagc tube, 
~rc gcncrall~ rcJdlly al"allablc 
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TABLE 2 Suitable Thin-Walled Steel Sample Tubes' 

Outside diameter ID, 1 

in 2 3 5 
mm 50.8 76.2 t27 

Wall thickness 
Bwg 18 16 11 

0.049 0.065 0.120 
mm 124 1 65 3.05 

Tube length 
in 30 36 54 
m 0.91 0.91 1 45 

Inside ciearance ratio. 0. <1 <1 <1 

A  The three diameters recommended in 1.,i - : are indicated for purposes of 
standardization and are not intended to indscate that sampling tubes of interme-
diate or Larger diameters are not acceptable Lengths of tubes shown are 
illustrative Prover lengths to be determined as suited to hell conditions 

clean hole: that minimizes disturbance of the soil to he 
sampled: and that does not hinder the penetration of the 
thin-walled sampler. Open borehole diameter and the inside 
diameter of driven casing or hollow stem auger shall not 
exceed 3.5 times the outside diameter of the thin-walled tube. 

6.2 Sampler Insertion Equipment. shall be adequate to 
provide a relatively rapid continuous penetration three. For 
hard formations it may be necessary. although not recom-
mended. to drive the thin-walled tube sampler. 

6.3 Thin-Walled Tubes, should be manufactured to the 
dimensions as shown in hi. I. They should have an outside 
diameter of 2 to 5 in. (50 to 130 mm) and be made of metal 
having adequate strength for the type of soil to be sampled. 
Tubes shall be clean and free of all surface irregularities 
including projecting weld seams, Other diameters may be used 
but the tube dimensions should he proportional to the tube 
designs presented here. 

6.3.1 Length of Tubes—See Table 2 and 7  4 , I .  
6.3.2 Tolerances, shall be within the limits shown in table 

I. 
6.3.3 Inside Clearance Ratio. should be not greater than 

I % unless specified otherwise for the type of soil to be 
sampled. Generally, the inside clearanix ratio used should 
increase with the increase in plasticity of the soil being 
sampled. except for sensitive soils or where local experience 
indicates otherwise. Sec ; 2 I and Fie. I for definition of inside 
clearance ratio. 

6.3.4 Corrosion Protection—Corrosion. whether from gal-
vanic or chemical reaction. can damage or destroy both the 
thin-walled tube and the sample. Severity of damage is a 
function of time as well as interaction between the sample and 
the tube. Thin-walled tubes should have some form of protec-
tive coating, unless the soil is to be extruded less than 3 days. 
The type of coating to be used may vary depending upon the 
material to be sampled. Plating of the tubes or alternate base 
metals may be specified. Galvanized tubes are often used when 
long tenn storage is required. Coatings may include a light coat 
of lubricating oil, lacquer. epoxy. Teflon, zinc oxide, and 
others. 

Non- 3—Most coating materials are not resistant to scratching by soils 
that contain sands. Consideration should be given for prompt testing of the 
sample because chemical reactions between the metal and the soil sample 

con occur with time. 

6.4 Sampler Head, serves to couple the thin-walled tube to 
the insertion equipment and. together with the thin-walled tube.  

comprises the thin-walled tube sampler. The sampler head shall 
contain a venting area and suitable check valve with the 
venting area to the outside equal to or greater than the area 
through the check valve. In some special cases, a check valve 
may not be required but venting is required to avoid sample 
compression. Attachment of the head to the tube shall be 
concentric and coaxial to assure uniform application of force to 
the tube by the sampler insertion equipment. 

7. Procedure 

7.1 Remove loose material from the center of a casing or 
hollow stem auger as carefully as possible to avoid disturbance 
of the material to he sampled. If groundwater is encountered. 
maintain the liquid level in the borehole at or above ground 
water level during the drilling and sampling operation. 

7.2 Bottom discharge bits arc not permitted. Side discharge 
hits may he used. with caution. Jetting through an open-tube 
sampler to clean out the borehole to sampling elevation is not 
permitted. 

Non- 4—Roller hits arc mailable in downward-jetting and diffused-ter 
configurations. Downward-jetting configuration rock bits are not accept-
able Diffuse-let configurations are generally acceptable. 

7.3 Lower the sampling apparatus so that the sample tube's 
bottom rests on the bottom of the hole and record depth to the 
bottom of the sample tube to the nearest 0.1-ft (.03 m) 

7.3.1 Keep the sampling apparatus plumb during lowering. 
thereby preventing the cutting edge of the tube from scraping 
the wall of the borehole. 

7.4' Advance the sampler without rotation by a continuous 
relatively rapid downward motion and record length of ad-
vancement to the nearest I in. (25 mm). 

7.4.1 Determine the length of advance by the resistance and 
condition of the soil formation, but the length shall never 
exceed 5 to 10 diameters of the tube in sands and 10 to 15 
diameters of the tube in clays. In no case shall a length of 
advance he greater than the sample-tube length minus an 
allowance for the sampler head and a minimum of 3-in. (75 
mm) for sludge and end cuttings. 

Noa 5—The mass of sample. laboratory handling capabilities. trans-

portation problems, and commercial availability of tubes will generals 

limit maximum practical lengths to those shown in 1.0,4. 

7.5 When the soil formation is too hard for push-type 
insertion, the tube may be driven or Practice I) ;53(1 may be 
used. If driving methods are used, the data regarding weight 
and fall of the hammer and penetration achieved must be 
shown in the report. Additionally. that tube must be promi-
nently labeled a "driven sample." 

7.6 Withdraw the sampler from the soil formation as care-
fully as possible in order to minimize disturbance of the 
sample. The tube can be slowly rotated to shear the material at 
the end of the tube, and to relieve water and/or suction 
pressures and improve recovery. Where the soil formation is 
soft. a delay before withdraw of the sampler (typically 5 to 30 
minutes) may improve sample recovery. 

8. Sample Measurement, Sealing and Labeling 

8.1 Upon removal of the tube. remove the drill cuttings in 
the upper end of the tube and measure the length of the soil 
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TABLE 2 Suitable Thin-Walled Steel Sample Tubes A 

Ou!Sido cf.amett 
Ill 2 3 5 
mm 50.8 76.2 127 

wau 1hiellness 
Bwg 18 16 11 
Ill 0.049 0065 0. 120 
mm 1.24 165 305 

'Tube 1cng1h 
on 36 36 54 
m 091 091 1.45 

lnstoe cleilrance raho.% <1 <1 <1 

A The 1hree dtamclers recommended '" T ble 2 are tndtca1ed for purposes of 
Slandard•za~on. and are no1 mlended 10 ondiCale !hal sampling lubes ol onlerme
d•ale or larger otamclers are nol acceptable Lengths of lubes shown are 
llluslrawe. Praper lenglhs to be determ•ned as SU•Ied 10 f•eld condtltons. 

d~an hoi~: that mimmite~ di,lllrbance of the :-oil to he 
... ampkd: and that do~~ not hinder the penetration or the 
thin·\\alled 'ampler. Open borehole d1amet~r and th~ in,ide 
diameter of dri\en C<~-.ing or hollm~ stem au~er shall not 
~\cecd J.:'i time' the out<.id~ diameter of the thin-walled tullt!. 

6 .2 Sampla /n.l('rlion Hquipmcm. ..hall b~ adequat~ to 
prm ide a rdativcl) rapid conunuou' pen~tratHlll force For 
hard lonnauon' 11 ma} he nece,,i.lf}, although not recom
mended. Ill dri' c the thlll·\\ alleJ lUbe 'ampkr. 

6.3 lhm·ll'tlllcd 1itht•.l. 'hould oc manufactun:d tn th~ 

dimen-.mn ... a' \hll\\ n 1n . I. The~ 'hould ha\ e an ouhide 
diameter of 2 to 5 1n. (50 to 130 mml and llt! made ol metal 
ha\'ing adequate \lrength for the type of 'oil w be sampled. 
Tube' shall be dean and free of all \urface 1rrcgulalitie' 
mdudmg prujccung \~eld \C<IIlh. Other lhameter-. may be U\Cd 
hut the tube c.limen\H)n\ ..,hould he propon1onal to the tube 
d~~ign' pr~'cntcd here 

td.l I £111!111 of'lilbn See I .1hl~ ~ and 7 -1 I. 
tl.3 .2 J(J/aall( t'.\. 'hall h~ '"ithm th~ limih '>hown in Table 

I. 
tl.JJ l11.1idc Clt•wwln' Rlllio. 'hould he not greater than 

I % unJc,, 'pecilied mherwi .. e for the t}pe of \oil to be 
'ampled . Gcm·rally. the in ... de cleamnc~ mtao u .. ed ... hnuld 
m.:rea'e wuh the 1ncrea-.e in pJa,ucity of the -.oil being 
.. ampled. c\cept lor 'en ... itive '01b or where local e\l>enencc 
indicate' nth..: I'\\ I\C. lice 2 I and hr. I for delinition of in,ide 
ckarancc rat111. 

6..\.-1 Corrmion l'rorcclion-Corro\lon. \\ hether fwm g;d
' an1c or chcm1~al reacuon. can damage ur de-.tmy buth the 
thm-wallcd tube and the ~ample Se,erit) of damage " a 
function or time a\ well a-. lllter,tCIJOil between the '<llllp)e and 
the tube. Thin-walled tube-. '>hould have \ome form of prote<.·-
11\e coating, unle'' the \Oil i-. to he extruded le\\ than 3 c.la}'· 
The type or coating to be U\ed rna} \'afY depenc.lmg upon the 
material to be ... amplcd. Plating ol the tube, or <lhernate ba'e 
meta), Ill<~) llt! 'J.lCCIIicd. Gahanitcd tube' are often u\ed when 
long tt.·nn \IOI~tge i' required. Coating-. ma) mdudc a light coat 
of luhncaung oil. lacquer. epoxy. Teflon. t.in~.· o\ic.le, and 
1lther.... 

;-..'on ~ - ~1<•>1 co;uing mah:riah 3J'C nor re,r,mnl to 'cmlchmg b) -oils 

thai ,;,>nlain 'anJ, Con,iJcralinn 'hnuld be gl\cn lor pmmpl tc,ung ollh\.' 
'arnpk hccnu'<· ,·hcmicat rea~unn' b.:t" cen the mew I anJ 1hc 'oil 'ample 
C<•O IX:l:Ur \\ Ilh I IIllO: 

6.4 ')ampler /lead, 'erre' to couple the thin·\\ allec.l lUbe to 
the m,~,•nwn cqu1pmcnt <llld. together" ith the thin-wallec.l tullt!. 

C-ASn.o-· 
PtQv1dea by IHS Poinder 111:ense w rn A.STM 
Nt)~ Ot W....:r•.no ~ .. W~llcltnMf?Om IHS 

cornpn'e' the thlll-\\ ailed tullt! -.amplc1 . The 'ampler head 'hall 
contain a \Cnting area :mJ 'uitahlc checJ... vahe \Vllh the 
'enung area to the out~ide equal to <•r !!reatcr than the area 
through the checJ... \alw. In 'ome lipcci.ll <.'a'e' . a cheek val\e 
ma) not be requ1red hut \enung " requ~rec.l to a\oic.l 'ample 
compre ..... ion. Attuchmem of the head to the tube ,h.,)) be 
concentric and ~.:oa\ial to ""ure uni lorm applicauun of Ioree w 
the tube by the ... ampler in,t!nion equipment. 

7. Procedure 

7 I Remm·e loose ma!Crial lrom the center of a C<Nng or 
hnlhm '>lt!m auger a' carefull)' a' pn\\1hlc to <~void c.Ji,turbancc 
of thl.' material to be -.ampled. If grounc.l~atcr i' encountered. 
mamtam tht! liqu1c.l ]e\C] in the hoachnle at or above ground 
water )e\e) during the drilling and l>Jmphng operation . 

7.2 Bouom dl<>charge bit-. are not pcm1i11ed "l1dc cJi,eharge 
bil'o ma} he u ... ed. \\ nh caUUl>n. Jcuing through iln open-tube 
'ampler to dean out the borehole to 'ampling elevation i' not 
(>Cnnitted 

;'\nn .l. Rulkr h1h :m: D\ailahle rn Jm,nward ·J~IIrng and diiJu,.:ll-JCI 
t."'OIIrgurnll<•n,, Dtm nw:Irtl ·JCIIrng configurauon mel; hlh .~rc no1 ac.cpl· 
able Dtllu..e J<:l uonti)!uration, are generally acccplahlc 

7.3 Lower the ... ampling .Ipp;tratu' .. u that the 'ample tube·, 
btlllom rest\ on the bottom ot the hole and record depth to the 
hounm of the <.ample lllbe to the nearest 0.1-ft c.03 m) 

7.J I Kl·ep the ... ampling apparatu-. plumb during lowering, 
thereby preventing the cutting edge of the tube from <,crapmg 
the wall of the borehole 

7A Ad\ a nee the \ampler without rotation by a continunu-. 
rei aU\ el} rapid dO\~ ll\\ .trc.l motion and record length ol ad
' ancement to the neare-.t I in . ( 25 mm J. 

7.4.1 Determine tht! length of ad\'<Jilce b) the rc\1\tance ;~nd 
cnndnwn of the -.oil formation. but the length 'hall ne\ cr 
e\<.'eed 5 to I 0 diameter' ol the tube m 'and' and 10 to 15 
diameter... of the tube m cby .... In no ca'e ,hall a length ,,, 
advance he greater than the \alllple-tuhc length mmus an 
allo~ance lor the -.ampler ht!<Jd and a mm1mum ol 3-m. 05 
nun I for ,Judge Jnd end cutting-. . 

:"'on: :'i~Thc ma" ot 'Jmple. lah<)rah>l) handling !::op;Ihlilll'''· lram
r<•n:tiiOn pmhkm,, anJ commercial U\':ulahiht) ot 1uh<·' \\111 g.:ncrnll) 
1111111 IIW\IITIUrll pr<ldKal length' 10 lhlhC 'hn\\11 Ill f1" ' 

7 'i \\hen the ~oil fonnation " tou hard for pu-.h·t~ pc 
in.,cn1on. the tuhe ma) he driven or Practice D ~~~(I ma} he 
u-.ed. If uri' ing method' <Jre u-.ed. the data regarc.lin!! \\eight 
anc.J fall of the hammer and penetration achieved lllU\l ilt! 
sho~ n in the report . Ac.ld1tionally. th<~t tube mu~t be promi
nently labeled a "dm·en -.ample." 
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sample recovered to the nearest 0.25 in. (5 mm) in the tube. 
Seal the upper end of the tube. Remove at least I in. (25 mm) 
of material from the lower end of the tube. Use this material for 
soil description in accordance with Practice D 2455. Measure 
the overall sample length. Seal the lower end of the tube. 
Alternatively. after measurement, the tube may be sealed 
without removal of soil from the ends of the tube. 

8.1.1 Tubes sealed over the ends, as opposed to those sealed 
with expanding packers. should be provided with spacers or 
appropriate packing materials, or both prior to sealing the tube 
ends to provide proper confinement. Packing materials must he 
nonabsorbent and must maintain their properties to provide the 
same degree of sample support with time. 

8.1.2 Depending on the requirements of the investigation. 
field extrusion and packaging of extruded soil samples can be 
performed. This allows for physical examination and classifi-
cation of the sample. Samples are extruded in special hydraulic 
jacks equipped with properly sized platens to extrude the core 
in a continuous smooth speed. In some cases, further extrusion 
may cause sample disturbance reducing suitability for testing 
of engineering properties. In other cases, if damage is not 
significant. cores can he extruded and preserved for testing 
(I) 4221)). Bent or damaged tubes should be cut off before 
extruding. 

8.2 Prepare and immediately affix labels or apply markings 
as necessary to identify the sample (see Section 91. Assure that 
the markings or labels are adequate to survive transportation 
and storage. 

Noll: 6—Top end of the tube should be labeled "top". 

9. Field Log 

9.1 Record the information that may be required for prepar-
ing field logs in general accordance to ASTM 1) ',41,1 -Guide  

for Field Logging of Subsurface Explorations of Soil and 
Rock". This guide is used for logging explorations by drilling 
and sampling. Some examples of the information required 
include: 

9.1.1 Name and location of the project. 

9.1.2 Boring number, 

9.1.3 Log of the soil conditions. 

9.1.4 Surface elevation or reference to a datum to the 
nearest foot (0.5 rn) or better. 

9,1,5 Location of the boring, 

9.1.6 Method of making the borehole, 

9.1.7 Name of the drilling foreman and company. and 

9.1.8 Name of the drilling inspector(s). 

9.1.9 Date and time of boring-start and finish, 

9.1.10 Depth to groundwater level: date and time measured. 

9.2 Recording the appropriate sampling information is re- 
quired as follows: 

9.2.1 Depth to top of sample to the nearest 0.1 ft. (.03 ml 
and number of sample, 

9.2.2 Description of thin-walled tube sampler: size. type of 
metal, type of coating. 

9.2.3 Method of sampler insertion: push or drive, 

9.2.4 Method of drilling, size of hole. casing. and drilling 
fluid used, 

9.2.5 Soil description in accordance with Practice 1) 

9,2.6 Length of sampler advance (push). and 

9.2.7 Recovery: length of sample obtained. 

10. Keywords 

10.1 geologic investigations: sampling: soil exploration: 
soil investigations: subsurface investigations: undisturbed 

SUMMARY OF CHANGES 

In accordance with committee DI 8 policy, this section identifies the location of changes to this standard since 
the last edition. 200, which may impact the use of this standard. 

( I) Added parts of speech to terms. 	 (2) Corrected reference in Note 2 from D 5740 to D .1:7 4t I. 

ASTM international lakes no positron respecting the validity of any patent rights asserted in connection with any dem mentioned 
in this standard. Users o this standard are expressly advised that determination of the validity of any such patent rights. and the risk 
of infringement of such rights, are entirety their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
ri not revised, either reapproved or withdrawn Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the 
responsible technical committee which you may attend. II you feel that your comments have not received a fair hearing you should 
make your views known to fhe ASTM Committee on Standards. at the address shown below. 

This standard is copyrighted by ASTM International, t 00 Barr Harbor Drive. PO Box C700. West Conshohocken, PA 19428.2958 
United States, Individual reprints fsingle or multiple copies) of this standard may be obtained by contacting ASTM al the above 
address or at 610-832-9585 (phone). 610.832.9555 (fax), or servicedastm.org  (e-mail). or through the ASTM website 
wwwastm.org). 

5511,1 InInornAmorw 
ad by NHS under *vow woln ASTIR 
prod Khoo t><netrarbq totradlia rotruoal Vann,* from iHEI 

1.pcsosoraiirntion. VNSSSC4SSOOS. Umer-Carter. Lk 
Nol tof Final Nit incioa 05 is at Nor 

0 D 1587- 00 (2007)"1 

'ampl~ rc~.:men:d to the neare~t 0 25 m. !5 mmJ m th~ tuh~. 

')l:al th~ upper end ol the tube R~move at lea't I in. C2'i mm) 
ol m.ttenallf\llllthe lower end or the lUbe. u ... e thi<.. material lor 
:-.oil de,l·nption in accnrdan~.:e \\lth Practi~.:e () 2 tSS. t-.1ca ... ure 
the O\crall -,:mlpll! length Seal thl' ICl\\Cr end ol the tuhe. 
Altematt\el). aftl!r mea\urcment. the tuhe may be ... caled 
\\ ithout n:mo\'al ol 'oil from the end., of the tube. 

S.l . l Tube' ,c,tled 0\ er thc end\, a-. oppo,ed to tho ... e .. calcd 
with e\panding packer .... 'hould he provided wllh 'pacer' or 
appmpnate packmg matenab. or both pnor to 'ealmg the tuhc 
end' to prm ide pmpl'r conhncmcnt. PaL·kmg material-. mu't bl.' 
rmnah,orbent anti mu't lll<trlltatn thetr propertie' 111 provide thl' 
"'me tlcgree pf ... ample -.uppon with time. 

S. l 2 Dependin!! on thl' rcqum!ment' of the ime,tig.tttnn. 
held l':l.tru,tun anti packaging of e\truded \Otl "unple' t'an be 
pert(mned. Thi' nllow' for phy,ical e:~.amination and cla"ifi
catton of the ... amplc Sample:-. arc extruded m '~1ecial hyuraultc 
pck' equippcu wtth properly \tzeu platen' to e\truuc the core 
in <1 conttnu0u' ,m,xl!h speed In 'ome ca ... e .... further c\tru,ion 
ma) cau'c: '<~mpk di,turbam:e reducing 'uitahility for te\ting 
of enginl!ering properue' In other ca'c'. if damage b not 
'i,enificant. cort'' can he e.\truded and pre,erved for te,ting 
I D J, ,0}. Bent or damaged tuhc' ,hould be cut off hdort' 
e\trudmg. 

8.2 Prepare and immcdtatel) alli\ labeb or appl) markmgs 
J\ ne~.:e"ary to identtly the \amplc (see Sectmn ) A ... ,ure that 
the markmg' or lahcJ, arc atlcquatc to ... un tve tran~pot1ation 
<tnd 'toragc:. 

~(Jfl 6 'li'P ~ml ut lhl' tulx· 'hnultl h.! lahdctl "l<>p ... 

9. Field Lo~ 

lJ,I Re~onJ the infonnation th<Jt ma) be required for prcpar
mg tield log' 111 general accordance to AST\1 () ~41J "Guide 

lor r:tcld Lt1gging of Subwrlacc E\phmniun' of Sotl and 
Rock''. Tht' gutde ts u\ed for logging expl11nttion' b) dnlling 
and 'ampling Some e.\amplc' of the information re4utrcd 
include. 

l) I I 'nme and location of the project, 
9 1.2 Bonng number. 
<J. I ~ Log of the \Otl condition,, 
9.1.-t Surl.tce ele\ at ton or rete renee to a tlatum to the 

nearc ... t toot (0.5 m) or better. 
lJ I 'i Location of the bonng, 
lJ I .6 \1ethod of making the: horeholc, 
9.1 7 'amc of the drilling fnrc.:man anti company. and 
9. 1 h 'ame of the drilhng m-.pc.::turhl. 
9.1 9 Date anti time of bnring.·\1<111 and tim,h. 
9. 1.1 0 Depth to groundwater level : date and tune mea ... ured. 
9.2 Recording the appropnJte ... ampling mfonnation " re-

lfUtred "' foliO\\': 
9.2.1 Depth to top of 'ample to the nearc't 0.1 lt. C.03 m) 

and number of o,ample, 
9.2.2 De ... cription of thin-walled tube ~.unpler: ,,,c, type of 

metal. t) pe of coating. 
9.2.3 ;\1ethl~d nf ... ampler in,et1ion: pu'h or time. 
9.2.4 ,\tethotl of drill ing .... izc of hole. ca ... ing. anti dnlling 

tlUtd uo,ed. 
9 2.5 Sot! tle,cripuon in accordance with Practice I> 2-ll\X. 

9 2.6 Length of sampler ad\ancc (pu,h). and 
9.2.7 Relovcry: length of ... ample ohtained. 

I 0. Ke) \~ord<, 

10 I geologic mve<,llgation': samphng: ... oil cxplorauon. 
"'JI mve ... ugation': ... ub,urface im e\tigauon~: undt'>turned 

SL I\1\1 \R\ OF CH \ '\GES 

In accnrdant·c with committee D I H polic). tlw .... cction idcntiiJe, tho.! location of change' to thb 'tandard ... ince 
the la'>t edition. 200. which rna:. 1mpact the u ... e ot thi' ... wndard. 

( I) Added part' of 'pcech to tenm. (2) Curn:cted reference in "':oil! 2 fmm D 57-tO to I l ~740. 

!'J"'A$1'1.01....,._ 

ASTM tnrernettonal takes no pos•tJOn respect•ng the valtdtty of any patent nghts asserted tn connect1on With any tlem men/toned 
m tnts standard Users of /hts standard are expressly advtsed that determmatJOn of the valtd•ty of any such patent nghts. and the nsk 
of mfrmgemenr of such nghts. are entlfety thelf own respons•btltty 

Th•s standard ts sub)eCtto reVISIOn at any ltme by the respons•ble techmcal commtllee and musr be reVIewed every frve years and 
d not reVIsed. etlher reapproved or w./hdrawn. Your comments are tnVIted ettner for reVISIOn of thts standard or for add•ltOnBI standards 
and should be addressed to ASTM fnternattonal Headquarters Your comments will recerve careful cons•derat•on sr a mee:mg of the 
respons.b/e techmcal commNee. whtCn you may a/lend If you feel mat your comments have not recewed a fa or heanng you should 
f'18ke your VIews known to the ASTM Commtl!ee on Slllndards at the adatess shown below 

ThiS standard tS copy,ghted by ASTM lntematt0rl81. 100 Barr HariJOf Drive. PO Bo1r C700. West Conshohocken. PA I 9428·2959. 
United Srates IndiVIdual repflflts (Stngle or mulltple copteS} of thiS standard may be cbta•ned by conlacttng ASTM at the above 
eddress or at 61().832·9585 (phone). 61().832·9555 (fax}. or serviCfJtlastmorg (e·matl}. or through the ASTM webSite 
("ww.a~tm org) 

,I 

• by !tiS~- kame '*ln ASN ~•Herndon. VNS9604SIOOI. Ua.er-Cartet, lJu 
NollotR-. 04 '11~0808 JOMOT produttiOI\ Of l'llf'Vw~Jf'U'Q per!'ftfleCI ~ lrrceflM frorn IHS 



Standard Operating Procedure 

Locating and Clearing Underground Utilities  

I. Purpose  
The purpose of this SOP is to provide general guidelines and specific procedures that 
must be followed on Navy CLEAN projects for locating underground utilities and 
clearing dig locations in order to maximize our ability to avoid hitting underground 
utilities and to minimize liabilities to CH2M HILL and its subcontractors and health and 
safety risks to our project staff.  

This SOP shall be used by Activity Managers and Project Managers to, in-turn, develop 
Activity-specific and project-specific utility location procedures. The activity and 
project-specific procedures will become part of work plans and project instructions and 
will be used to prepare scopes of work (SOWs) for the procurement of utility location 
subcontractors to meet the needs of individual projects.  

This SOP also identifies the types of utility locating services that are available from 
subcontractors and the various tools that are used to locate utilities, and discusses when 
each type of service and tool may or may not be applicable. 

II. Scope 
Depending on the Navy/Marine Activity we typically find ourselves in one of two 
scenarios: 
 
Scenario 1 
The Activity provides utility locating (or dig clearance) services through the public 
works department or similar organization, or has a contract with an outside utility 
clearance service. Some of these services are provided in the form of dig permits which 
are required before you can dig or drill. In other cases no official permit is required and 
the process is somewhat vague.  
Scenario 2 
The Activity does not get involved in any utility locating processes aside from possibly 
providing the most recent utility maps, and relies on CH2M HILL to clear the dig 
locations. 
 

Table 1 provides an up to date summary of which scenarios apply to the various 
primary Activities served under the Navy CLEAN program.  

Scenario 1 is preferred because under this scenario the Navy tends to assume the 
responsibility if the location is improperly cleared, a utility is struck, and property 
damage results. However, our experience has been that the clearance services provided 
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by the Navy do not meet the standards that we consider to be adequate, in that they 
often simply rely on available base maps to mark utilities and do not verify locations 
using field geophysics. And if they do use locating tools, they do not provide adequate 
documentation or marking to confirm that a location has been cleared. So while the 
Navy’s process may protect us from liability for property damage, it does not 
adequately protect our staff and subcontractors from health risks nor does it compensate 
us for down time, should a utility be hit.  

Therefore, regardless of what services the Navy provides, in most cases we still need 
to supplement this effort with clearance services from our own third party utility 
location subcontractor following the procedures and guideline outlined in Section IV 
of this SOP. The cost implications of providing this service will range from $500 to 
several $1,000 depending on the size of the project. 

The scope of services that we ask our subcontractors to provide can involve utility 
marking/mapping or the clearing of individual dig locations. In the former we ask our 
subs to mark all utilities within a “site” and often ask them to prepare a map based on 
their work. In the later, we ask them to clear (identify if there are any utilities within) a 
certain radius of a proposed dig/drill location. 

The appropriate requested scope of services for a project will depend on the project. 
Clearing individual boreholes is often less expensive and allows the sub to concentrate 
their efforts on a limited area. However if the scope of the investigation is fluid (all 
borehole locations are not predetermined) it may be best to mark and map an entire site 
or keep the subcontractor on call. 

Clearance of individual dig locations should be done to a minimum 20 foot radius 
around the location. 

An example SOW for a utility subcontractor procurement is provided in Attachment A. 

III. Services and Equipment  
This section provides a general description of the services available to help us locate 
subsurface utilities and describes the types of equipment that these services may (or may 
not) use to perform their work.  It identifies the capabilities of each type of equipment to 
help the PM specify what they should require from our utility location subs.  

Services 
The services that are available to us for identifying and marking underground utilities 
are: 

• The local public/private utility-run service such as Miss Utility 
• Utility location subcontractors (hired by us) 
 
Attachment B provides a detailed description of each type of organization.  It also 
provides contact numbers and web sites for the various Miss-Utility-type organizations 
in the areas where we do work for the Navy and contacts and services provided by 
several subcontractors that we have used or spoken to in the past. 
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Equipment 
Attachment C provides a summary of the various types of equipment used for 
subsurface utility location.  It describes the capabilities and limitations of each in order 
to help the PM determine if the equipment being used by a subcontractor is adequate.  

It is important to make the potential subcontractors aware of the possible types of 
utilities (and utility materials) that are at the site, and to have them explain in their bid 
what types of equipment they will use to locate utilities /clear dig locations, and what 
the limitations of these equipment are. 

A list of in-house experts that can be used to help you evaluate bids or answer questions 
you may have is provided in Appendix C.  

IV. Procedures and Guidelines 
This section presents specific procedures to be followed for the utility location work to 
be conducted by CH2M HILL and our subcontractors. In addition, a PM will have to 
follow the procedures required by the Activity to obtain their approvals, clearances and 
dig permits where necessary. These “dig permit” requirements vary by Activity and 
must be added to the project-specific SOP, or project instructions. It is preferable that the 
Activity perform their clearance processes before we follow up with our clearance work. 

Activity Notification and Dig Permit Procedures 
Identify Activity-specific permit and/or procedural requirements for excavation and 
drilling activities.  Contact the Base Civil Engineer and obtain the appropriate form to 
begin the clearance process. 

Activity Specific: To be provided by Activity or Project Manager 

CH2M HILL Utility Clearance Procedures 
Do not begin subsurface construction activities (e.g., trenching, excavation, drilling, etc.) 
until a check for underground utilities and similar obstructions has been conducted by 
CH2M HILL as a follow-up to the services provided by the Navy. The use of as-built 
drawings and utility company searches must be supplemented with a geophysical or 
other survey by a qualified, independent survey contractor (subcontracted to 
CH2M HILL) to identify additional and undiscovered buried utilities. 

Examples of the type of geophysical technologies include (these are further described in 
Attachment C): 

 
• Ground Penetrating Radar (GPR), which can detect pipes, including gas pipes, 

tanks, conduits, cables etc, both metallic and non-metallic at depths up to 30 feet 
depending on equipment.  Sensitivity for both minimum object size and maximum 
depth detectable depends on equipment selected, soil conditions, etc. 

• Radio Frequency (RF), involves inducing an RF signal in the pipe or cable and using 
a receiver to trace it.   Some electric and telephone lines emit RF naturally and can be 
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detected without an induced signal. This method requires knowing where the 
conductive utility can be accessed to induce RF field if necessary.  

• Dual RF, a modified version of RF detection using multiple frequencies to enhance 
sensitivity but with similar limitations to RF 

• Ferromagnetic Detectors, are metal detectors that will detect ferrous and non-
ferrous utilities.  Sensitivity is limited, e.g. a 100 mm iron disk to a depth of about 
one meter or a 25 mm steel paper clip to a depth of about 20 cm. 

• Electronic markers, are emerging technologies that impart a unique electronic 
signature to materials such as polyethylene pipe to facilitate location and tracing 
after installation.  Promising for future installations but not of help for most existing 
utilities already in place. 

The following procedures shall be used to identify and mark underground utilities 
during subsurface construction activities on the project: 
 

• Contact utility companies or the state/regional utility protection service (such as 
Miss Utility) at least two (2) working days prior to intrusive activities to advise of the 
proposed work, and ask them to establish the location of the utility underground 
installations prior to the start of actual excavation: this is a law. These services will 
only mark the location of public-utility-owned lines and not Navy-owned utilities. In 
many cases there will not be any public-utility-owned lines on the Activity. There 
may also be Base-access issues to overcome. 

• Procure and schedule the independent survey. 

• The survey contractor shall determine the most appropriate geophysical technique 
or combinations of techniques to identify the buried utilities on the project site, 
based on the survey contractor’s experience and expertise, types of utilities 
anticipated to be present and specific site conditions. The types of utilities must be 
provided to the bidding subcontractors in the SOW and procedures to be used must 
be specified by the bidder in their bid. It is extremely helpful to provide the sub with 
utility maps, with the caveat that all utilities are not necessarily depicted. 

• The survey subcontractor shall employ the same geophysical techniques used to 
identify the buried utilities, to survey the proposed path of subsurface 
investigation/construction work to confirm no buried utilities are present.   

• Obtain utility clearances for subsurface work on both public and private property.   

• Clearances provided by both the “Miss Utility” service and the CH2M HILL-
subcontracted service are to be in writing, signed by the party conducting the 
clearance. The Miss Utility service will have standard notification forms/letters 
which typically simply state that they have been to the site and have done their 
work. The CH2M HILL subcontractor shall be required to fill out the form provided 
in Attachment D (this can be modified for a particular project) indicating that each 
dig/drill location has been addressed. This documentation requirement (with a copy 
of the form) needs to be provided in the subcontractor SOW. 
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• Marking shall be done using the color coding presented in Attachment E. The type of 
material used for marking must be approved by the Activity prior to marking. Some 
base commanders have particular issues with persistent spray paint on their 
sidewalks and streets. Any particular marking requirements need to be provided in 
the subcontractor SOW. 

• Protect and preserve the markings of approximate locations of facilities until the 
markings are no longer required for safe and proper excavations. If the markings of 
utility locations are destroyed or removed before excavation commences or is 
completed, the Project Manager must notify the utility company or utility protection 
service to inform them that the markings have been destroyed. 

• Perform a field check prior to drilling/digging (preferably while the utility location 
sub is still at the site) to see if field utility markings coincide with locations on utility 
maps.  Look for fire hydrants, valves, manholes, light poles, lighted signs, etc to see 
if they coincide with utilities identified by the subcontractor. 

• Underground utility locations must be physically verified (or dig locations must be 
physically cleared) by hand digging using wood or fiberglass-handled tools, air 
knifing, or by some other acceptable means approved by CH2M HILL, when the dig 
location (e.g. mechanical drilling, excavating) is expected to be within 5 feet of a 
marked underground system.  Hand clearance shall be done to a depth of four feet 
unless a utility cross-section is available that indicates the utility is at a greater depth. 
In that event, the hand clearance shall proceed until the documented depth of the 
utility is reached. 

• Conduct a site briefing for employees at the start of the intrusive work regarding the 
hazards associated with working near the utilities and the means by which the 
operation will maintain a safe working environment. Detail the method used to 
isolate the utility and the hazards presented by breaching the isolation. 

• Monitor for signs of utilities during advancement of intrusive work (e.g., sudden 
change in advancement of auger or split spoon during drilling or change in color, 
texture or density during excavation that could indicate the ground has been 
previously disturbed). 

 

IV. Attachments 
A- Example SOW for Utility Location Subcontractor Procurement 
B - Services Available for Identifying and Marking Underground Utilities 
C – Equipment Used for Identifying Underground Utilities 
D – Utility Clearance Documentation Form 
E – Utility Marking Color Codes 
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Attachment A – Example SOW for 
Subcontracting Underground Utilities 
Locating Services  

 

CTO-XXX 

Scope of Work 

Subsurface Utility Locating 

Site XX 

Navy Activity 

City, State 
 

 
A licensed and insured utility locator will be subcontracted to identify and mark out 
subsurface utilities for an environmental investigation/remediation project at Site XX of 
<<insert name of base, city, and state>>.  The subcontractor will need to be available 
beginning at <<insert time>> on <<insert date>>.  It is estimated that the work can be 
completed within XX days.   

Proposed Scope of Work 
The subcontractor will identify and mark all subsurface utilities (CHOOSE 1) that lie 
within a radius of 20 feet of each of XX sampling locations at Site XX shown on the 
attached Figure 1; (OR) that lie within the bounds of Site XX as delineated on the 
attached Figure 1. (If multiple sites are to be cleared, provide maps of each site with 
sample locations or clearance boundaries clearly delineated and a scale provided.) 

Utilities will be identified using all reasonably available as-built drawings, electronic 
locating devices, and any other means necessary to maintain the safety of drilling and 
sampling personnel and the protection of the base infrastructure.  The location of 
utilities identified from as-built drawings or other maps must be verified in the field 
prior to marking. 

Base utility drawings for the Site(s) (CHOOSE 1) can be found at <<insert specific 
department and address or phone number on the base>> and should be reviewed by the 
subcontractor and referenced as part of the utility locating. (OR), will be provided to the 
subcontractor by CH2M HILL upon the award of the subcontract. (OR), are not 
available.  Utility drawings shall not be considered definitive and must be field verified. 
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Field verification will include detection using nonintrusive subsurface detection 
equipment (magnetometers, GPR, etc) as well as opening manhole covers to verify pipe 
directions. As part of the bid, the Subcontractor shall provide a list of the various 
subsurface investigation tools they propose to have available and use at the site and 
what the limitations are of each tool.  

A CH2M HILL representative shall be present to coordinate utility clearance activities 
and identify points and features to be cleared.  

Field Marking and Documentation 
All utilities located within (CHOOSE 1) a 20-ft radius of the XX proposed soil boring 
locations (OR) within the boundary of the site(s) as identified on the attached figure(s) 
will be marked using paint (some Bases such as the WNY may have restrictions on the 
use of permanent paint) and/or pin flags color coded to indicate electricity, gas, water, 
steam, telephone, TV cable, fiber optic, sewer, etc. The color coding shall match the 
industry standard as described on the attached form. In addition, the Buried Utility 
Location Tracking Form (attached) will be completed by the Subcontractor based upon 
what is identified in the field during the utility locating and submitted back to 
CH2M HILL (field staff or project manager) within 24 hours of completing the utility 
locating activities.   

(OPTIONAL) The subcontractor shall also provide a map (or hand sketch) of the 
identified utilities to the Engineer within XX days of field demobilization. The map 
shall include coordinates or ties from fixed surface features to each identified subsurface 
utility. 

Bid Sheet/Payment Units 
The subcontractor will bid on a time and materials basis for time spent on site and 
researching utility maps. Mobilization (including daily travel to the site) should be bid 
as a lump sum, as well as the preparation of the AHA and any required mapping. The 
per diem line item should be used if the field crew will require overnight 
accommodations at the project site. 

Health and Safety Requirements   
The utility locating subcontractor is to provide and assume responsibility for an 
adequate corporate Health and Safety Plan for onsite personnel.  Standard personal 
safety equipment including: hard hat, safety glasses, steel-toed boots, gloves are 
recommended for all project activities. Specific health and safety requirements will be 
established by the Subcontractor for each project.  The health and safety requirements 
will be subject to the review of CH2M HILL. 

The subcontractor shall also prepare and provide to the Engineer, at least 48 hours prior 
to mobilization, an acceptable Activity Hazard Analysis (AHA) using the attached AHA 
form or similar. 

It is also required that all subcontractor personnel who will be on site attend the daily 
15-minute health and safety tailgate meeting at the start of each day in the field. 
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Subcontractor personnel showing indications of being under the influence of alcohol or 
illegal drugs will be sent off the job site and their employers will be notified.  
Subcontractor personnel under the influence of prescription or over-the-counter 
medication that may impair their ability to operate equipment will not be permitted to 
do so.  It is expected that the subcontractor will assign them other work and provide a 
capable replacement (if necessary) to operate the equipment to continue work. 

Security 
The work will be performed on US Navy property.  CH2M HILL will identify the 
Subcontractor personnel who will perform the work to the appropriate Navy facility 
point-of-contact, and will identify the Navy point-of-contact to the Subcontractor crew.  
The Subcontractor bears final responsibility for coordinating access of his personnel onto 
Navy property to perform required work.  This responsibility includes arranging 
logistics and providing to CH2M HILL, in advance or at time of entry as specified, any 
required identification information for the Subcontractor personnel.  Specifically, the 
following information should be submitted with the bid package for all personnel that 
will perform the work in question (this information is required to obtain a base pass): 

• Name 
• Birth Place 
• Birth Date 
• Social Security Number 
• Drivers License State and Number 
• Citizenship 

Please be advised that no weapons, alcohol, or drugs will be permitted on the Navy 
facility at any time.  If any such items are found, they will be confiscated, and the 
Subcontractor will be dismissed. 

Quality Assurance 
The Subcontractor will be licensed and insured to operate in the State of <<state>> and 
will comply with all applicable federal, state, county and local laws and regulations.  
The subcontractor will maintain, calibrate, and operate all electronic locating 
instruments in accordance with the manufacturer’s recommendations.  Additionally, the 
Subcontractor shall make all reasonable efforts to review as-built engineering drawings 
maintained by Base personnel, and shall notify the CH2M HILL Project Manager in 
writing (email is acceptable) whenever such documentation was not available or could 
not be reviewed. 
 

Subcontractor Standby Time 
At certain periods during the utility locating activities, the Subcontractor’s personnel 
may be asked to stop work and standby when work may normally occur.  During such 
times, the Subcontractor will cease activities until directed by the CH2M HILL 
representative to resume operations.  Subcontractor standby time also will include 
potential delays caused by the CH2M HILL representative not arriving at the site by the 
agreed-upon meeting time for start of the work day.  Standby will be paid to the 
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• 

Subcontractor at the hourly rate specified in the Subcontractor’s Bid Form attached to 
these specifications. 

Cumulative Subcontractor standby will be accrued in increments no shorter than 15 
minutes (i.e., an individual standby episode of less than 15 minutes is not chargeable). 

During periods for which standby time is paid, the surveying equipment will not be 
demobilized and the team will remain at the site.  At the conclusion of each day, the 
daily logs for the Subcontractor and CH2M HILL representative will indicate the 
amount of standby time incurred by the Subcontractor, if any.  Payment will be made 
only for standby time recorded on CH2M HILL’s daily logs. 

Down Time 
Should equipment furnished by the Subcontractor malfunction, preventing the effective 
and efficient prosecution of the work, or inclement weather conditions prevent safe and 
effective work from occurring, down time will be indicated in the Subcontractor’s and 
CH2M Hill representative’s daily logs.  No payment will be made for down time. 

Schedule 
It is anticipated that the subsurface utility locating activities will occur on <<insert 
date>>.  It is estimated that the above scope will be completed within XXX days. 
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Attachment B - Services Available for 
Identifying and Marking Underground Utilities 

The services that are available to us for identifying and marking underground utilities 
are: 
 
• The Activity’s PWC (or similar organization) 
• The local public/private utility -run service such as Miss Utility 
• Utility location subcontractors (hired by CH2M HILL) 
 
Each are discussed below. 

Navy Public Works Department 
A   Public Works Department (PWD) is usually present at each Activity. The PWD is 
responsible for maintaining the public works at the base including management of 
utilities. In many cases, the PWD has a written permit process in place to identify and 
mark-out the locations of Navy-owned utilities [Note: The PWD is usually NOT 
responsible for the locations/mark-outs of non-Navy owned, public utilities (e.g., 
Washington Gas, Virginia Power, municipal water and sewer, etc.). Therefore, it is likely 
that we will have to contact other organizations besides the PWD in order to identify 
non-Navy owned, public utilities]. 

At some Activities, there may not be a PWD, the PWD may not have a written permit 
process in place, or the PWD may not take responsibility for utility locating and mark-
outs. In these cases, the PWD should still be contacted since it is likely that they will 
have the best understanding of the utility locations at the Activity (i.e., engineering 
drawings, institutional knowledge, etc.).  Subsequently, the PWD should be brought into 
a cooperative arrangement (if possible) with the other services employed in utility 
locating and mark-out in order to have the most comprehensive assessment performed.  

At all Activities we should have a contact (name and phone number), and preferably an 
established relationship, with PWD, either directly or through the NAVFAC Atlantic, 
Midlant, or Washington NTR or Activity Environmental Office that we can work with 
and contact in the event of problems. 

Miss Utility or “One Call” Services for Public Utility Mark-outs  
Miss Utility or “One Call” service centers are information exchange centers for 
excavators, contractors and property owners planning any kind of excavation or 
digging. The “One Call” center notifies participating public utilities of the upcoming 
excavation work so they can locate and mark their underground utilities in advance to 
prevent possible damage to underground utility lines, injury, property damage and 
service outages. In some instances, such with southeastern Virginia bases, the Navy has 
entered into agreement with Ms. Utilities and is part of the response process for Miss 

Utility Location_General.doc 
QC and Reviewed 08/2012  10 



Utilities.  Generally, a minimum of 48 hours is required for the public utility mark-outs 
to be performed. The “One Call” services are free to the public. Note that the “One Call” 
centers only coordinate with participating public utilities. There may be some public 
utilities that do NOT participate in the “One Call” center which may need to be 
contacted separately. For example, in Washington, DC, the Miss Utility “One Call” 
center does not locate and mark public sewer and water lines. Therefore, the municipal 
water and sewer authority must be contacted separately to have the sewer and water 
lines marked out.  The AM should contact the appropriate one-call center to determine 
their scope of services.  

For the Mid-Atlantic region, the following “One Call” service centers are available.   
 
Name Phone Website Comments 
Miss Utility of 
DELMARVA 

800-257-7777 www.missutility.net Public utility mark-outs in 
Delaware, Maryland, 
Washington, DC, and Northern 
Virginia 

Miss Utility of Southern 
Virginia (One Call) 

800-552-7001  not available Public utility mark-outs in 
Southern Virginia 

Miss Utility of Virginia 800-257-7777 
800-552-7007 

www.missutilityofvirginia.com  General information on public 
utility mark-outs in Virginia, 
with links to Miss Utility of 
DELMARVA and Miss Utility 
of Southern Virginia (One Call) 

Miss Utility of West 
Virginia, Inc 
 
 
 

800-245-4848 none Call to determine what utilities 
they work with in West 
Virginia 

North Carolina One Call 
Center 

800-632-4949 www.ncocc.org/ncocc/default.htm  Public Utility Markouts in 
North Carolina 

 

Private Subcontractors 
1. Utility-locating support is required at some level for most all CH2M HILL field 

projects in "clearing" proposed subsurface boring locations on the project site. Utility 
location and sample clearance can include a comprehensive effort of GIS map 
interpretation, professional land surveying, field locating, and geophysical 
surveying. Since we can usually provide our own GIS-related services for projects 
and our professional land surveying services are normally procured separately, 
utility-locating subcontractors will normally only be required for some level of 
geophysical surveying support in the field. This level of geophysical surveying 
support can range widely from a simple electromagnetic (EM) survey over a known 
utility line, to a blind geophysical effort, including a ground-penetrating radar (GPR) 
survey and/or a comprehensive EM survey to delineate and characterize all 
unknown subsurface anomalies.  

The level of service required from the subcontractor will vary depending on the 
nature of the site. At sites where utility locations are well defined on the maps and 
recent construction is limited, CH2M HILL may be confident with a limited effort 
from a traditional utility-locating subcontractor providing a simple EM survey. At 
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sites where utility locations are not well defined, where recent constructions may 
have altered utility locations, or the nature of the site makes utility location difficult, 
CH2M HILL will require the services of a comprehensive geophysical surveying 
subcontractor, with a wide range of GPR and EM services available for use on an "as-
needed" basis. Typical costs for geophysical surveying subcontractors will range 
from approximately $200 per day for a simple EM effort (usually one crew member 
and one instrument) to approximately $1,500 per day for a comprehensive 
geophysical surveying effort (usually a two-person crew and multiple instruments). 
Comprehensive geophysical surveying efforts may also include field data 
interpretation (and subsequent report preparation) and non-destructive excavation 
to field-verify utility depths and locations. 

The following table provides a list of recommended geophysical surveying support 
subcontractors that can be used for utility-locating services: 

Company Name and 
Address 

Contact Name 
and Phone 

Number 

Equipment1 Other Services2 

1 2 3 4 5 A B C 

US Radar, Inc.* 
PO Box 319 
Matawan, NJ 07747 

Ron LaBarca 

732-566-2035 

  4      

Utilities Search, Inc.* Jim Davis  

703-369-5758 

4    4 4 4 4 

So Deep, Inc.* 
8397 Euclid Avenue 
Manassas Park, VA 20111 

703-361-6005 4     4 4 4 

Accurate Locating, Inc. 
1327 Ashton Rd., Suite 101 
Hanover, MD 21076 

Ken Shipley  

410-850-0280 

4 4       

NAEVA Geophysics, Inc. 
P.O. Box 7325   
Charlottesville, VA 22906 

Alan 
Mazurowski 

434-978-3187 

4 4 4 4 4 4 4 4 

Earth Resources 
Technology. Inc.              
8106 Stayton Rd.           
Jessup, MD 20794 

Peter Li 

240-554-0161 

4 4 4 4 4 4 4  

Geophex, Ltd                        
605 Mercury Street 
Raleigh, NC 27603 

I. J. Won 

919-839-8515 

4 4 4 4 4 4 4 4 
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Notes: 

*Companies denoted with an asterisk have demonstrated reluctance to assume responsibility for 
damage to underground utilities or an inability to accommodate the insurance requirements that CH2M 
HILL requests for this type of work at many Navy sites.  

1Equipment types are: 

1. Simple electromagnetic instruments, usually hand-held 

2. Other, more innovative, electromagnetic instruments, including larger instruments for more area 
coverage 

3. Ground-penetrating radar systems of all kinds 

4. Audio-frequency detectors of all kinds 

5. Radio-frequency detectors of all kinds 

2Other services include: 

A. Data interpretation and/or report preparation to provide a permanent record of the geophysical 
survey results and a professional interpretation of the findings, including expected accuracy and 
precision. 

B. Non-destructive excavation to field-verify the depths, locations, and types of subsurface utilities. 

C. Concrete/asphalt coring and pavement/surface restoration. 
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Attachment C – Equipment Used for 
Identifying Underground Utilities 

This attachment provides a summary of the various types of equipment used for 
subsurface utility location.  It describes the capabilities and limitations of each in order 
to help the AM and PM determine if the equipment being proposed by a subcontractor 
or Navy is adequate. A list of in-house experts that can be used to answer questions you 
may have is provided below.  

CH2M HILL In-house Utility Location Experts 

Tamir Klaff/WDC  

Home Office Phone – 703-669-9611 

Electromagnetic Induction (EMI) Methods 

EMI instruments, in general, induce an electromagnetic field into the ground (the 
primary field) and then record the response (the secondary field), if any.  Lateral 
changes in subsurface conductivity, such as caused by the presence of buried metal or 
by significant soil variations, cause changes in the secondary field recorded by the 
instrument and thus enable detection and mapping of the subsurface features.  It should 
be noted that EMI only works for electrically conductive materials--plastic or PVC pipes 
are generally not detected with EMI. Water and gas lines are commonly plastic, 
although most new lines include a copper “locator” strip on the top of the PVC to allow 
for detection with EMI.   

EMI technology encompasses a wide range of instruments, each with inherent strengths 
and weaknesses for particular applications.  One major division of EMI is between 
“time-domain” and “frequency-domain” instruments that differ in the aspect of the 
secondary field they detect.  Another difference in EMI instruments is the operating 
frequency they use to transmit the primary field.   Audio- and radio-frequencies are 
often used for utility detection, although other frequencies are also used.  Consideration 
of the type of utility expected, surface features that could interfere with detection, and 
the “congestion” of utilities in an area, should be made when choosing a particular EMI 
instrument for a particular site.  

One common EMI tool used for utility location is a handheld unit that can be used to 
quickly scan an area for utilities and allows for marking locations in “real time”.  This 
method is most commonly used by “dig-safe” contractors marking out known utilities 
prior to excavation.  It should be noted that this method works best when a signal (the 
primary field) can be placed directly onto the line (i.e., by clamping or otherwise 
connecting to the end of the line visible at the surface, or for larger utilities such as 
sewers, by running a transmitter through the utility).  These types of tools also have a 
limited capability to scan an area for unknown utilities.  Usually this requires having 
enough area to separate a hand held transmitter at least a hundred feet from the 
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receiver.  Whether hunting for unknown, or confirming known, utilities, this method 
will only detect continuous lengths of metallic conductors.  

In addition to the handheld EMI units, larger, more powerful EMI tools are available 
that provide more comprehensive detection and mapping of subsurface features.  
Generally, data with these methods are collected on a regular grid in the investigation 
area, and are then analyzed to locate linear anomalies that can be interpreted as utilities.  
These methods will usually detect all subsurface metal (above a minimum size), 
including pieces of abandoned utilities. In addition, in some situations, backfill can be 
detected against native soils giving information on trenching and possible utility 
location.  Drawbacks to these methods are that the secondary signals from utilities are 
often swamped (i.e., undetectable) close to buildings and other cultural features, and 
that the subsurface at heavily built-up sites may be too complicated to confidently 
interpret completely.   

Hand-held metal detectors (treasure-finders) are usually based on EMI technology.  
They can be used to locate shallow buried metal associated with utilities (e.g., junctions, 
manholes, metallic locators).  Advantages of these tools is the ease of use and real-time 
marking of anomalies.  Drawbacks include limited depths of investigations and no data 
storage capacity. 

Ground Penetrating Radar (GPR) 

GPR systems transmit radio and microwave frequency (e.g., 80 megaHertz to 1,000 
megaHertz) waves into the ground and then record reflections of those waves coming 
back to the surface. Reflections of the radar waves typically occur at lithologic changes, 
subsurface discontinuities, and subsurface structures. Plastic and PVC pipes can 
sometimes be detected in GPR data, especially if they are shallow, large, and full of a 
contrasting material such as air in a wet soil, or water in a dry soil.  GPR data are usually 
collected in regular patterns over an area and then analyzed for linear anomalies that 
can be interpreted as utilities.  GPR is usually very accurate in x-y location of utilities, 
and can be calibrated at a site to give very accurate depth information as well.  A 
significant drawback to GPR is that depth of investigation is highly dependant on 
background soil conductivity, and it will not work on all sites.  It is not uncommon to 
get only 1-2 feet of penetration with the signal in damp, clayey environments.  Another 
drawback to GPR is that sites containing significant fill material (e.g., concrete rubble, 
scrap metal, garbage) will result in complicated anomalies that are difficult or 
impossible to interpret.   

Magnetic Field Methods 

Magnetic field methods rely on detecting changes to the earth’s magnetic field caused by 
ferrous metal objects.  This method is usually more sensitive to magnetic metal (i.e., 
deeper detection) than EMI methods.  A drawback to this method is it is more 
susceptible to being swamped by surface features such as fences and cars.  In addition, 
procedures must usually be implemented that account for natural variations in the 
earth’s background field as it changes throughout the day.  One common use of the 
method is to measure and analyze the gradient of the magnetic field, which eliminates 
most of the drawbacks to the method.  It should be noted this method only detects 
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ferrous metal, primarily iron and steel for utility location applications.  Some utility 
detector combine magnetic and EMI methods into a single hand-held unit.  

Optical Methods 

Down the hole cameras may be useful in visually reviewing a pipe for empty conduits 
and/or vaults. 
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Attachment D – Utility Clearance 
Documentation Form 
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Attachment E – Utility Marking Color Codes 

The following is the standard color code used by industry to mark various types of 
utilities and other features at a construction site. 

White – Proposed excavations and borings 

Pink – Temporary survey markings 

Red – Electrical power lines, cables, conduits and lighting cables 

Yellow – Gas, oil, steam, petroleum or gaseous materials 

Orange – Communication, alarm or signal lines, cables, or conduits 

Blue – Potable water 

Purple – Reclaimed water, irrigation and slurry lines 

Green – Sewer and storm drain lines 
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STANDARD OPERATING PROCEDURE 

VOC Sampling-Water 
 

I. Purpose  
 To provide general guidelines for sampling aqueous volatile organic 

compounds. 
 
II. Scope 
 
 Standard techniques for collecting representative samples are summarized.  

Site-specific details are discussed in the Field Sampling Plan. 
 
III. Equipment and Materials 
 

• Sample vials pre-preserved at laboratory with hydrochloric acid (HCl) 
• Surgical or latex gloves 

 
IV. Procedures and Guidelines 
 
 1. Sample VOCs before sampling other analyte groups. 
 
 2. When sampling for VOCs, especially residential wells, evaluate the area 

around the sampling point for possible sources of air contamination by 
VOCs.  Products that may give off VOCs and possibly contaminate a 
sample include perfumes and cosmetics, skin applied pharmaceuticals, 
automotive products (gasoline, starting fluid, windshield deicers, 
carburetor cleaners, etc.) and household paint products (paint strippers, 
thinners, turpentine, etc.). 

 
 3. Keep the caps off the sample vials for as short a time as possible. 
 
 4. Wear clean latex or surgical gloves. 
 
 5. Fill the sample vial immediately, allowing the water stream to strike the 

inner wall of the vial to minimize formation of air bubbles.  DO NOT 
RINSE THE SAMPLE VIALS BEFORE FILLING. 
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 6. Fill the sample vial with a minimum of turbulence, until the water forms 
a positive meniscus at the brim. 

 
 7. Replace the cap by gently setting it on the water meniscus.  Tighten 

firmly, but DO NOT OVERTIGHTEN. 
 
 8. Invert the vial and tap it lightly.  If you see air bubbles in the sample, do 

not add more sample.  Use another vial to collect another sample.  
Repeat if necessary until you obtain a proper sample. 

 
V. Attachments 
 
 None. 
 
VI. Key Checks and Items 
 

• Check for possible sources of contamination. 
• Fill slowly, with as little turbulence as possible. 
• Check for air bubbles. 
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STANDARD OPERATING PROCEDURE 

Water-Level Measurements 

I. Purpose and Scope 
The purpose of this procedure is to provide a guideline for the measurement of the 
depth to groundwater in piezometers and monitoring wells, even where a second 
phase of floating liquid (e.g., gasoline) is encountered, and on staff gages in surface-
water bodies.  This SOP includes guidelines for discrete measurements of static 
water levels and does not cover the use of continuously recording loggers (see SOP 
Use of Data Loggers and Pressure Transducers). 

II. Equipment and Materials 
• Electronic water-level meter (Solinst® or equivalent) with a minimum 100-foot 

tape; the tape should have graduations in increments of 0.01 feet or less 

• Interface probe (Solinst® Model 122 Interface Meter or equivalent) 

III. Procedures and Guidelines 
Verify that the unit is turned on and functioning properly.  Slowly lower the probe on 
its cable into the piezometer or well until the probe just contacts the water surface; the 
unit will respond with a tone or light signal.  Note the depth from a reference point 
indicated on the piezometer or well riser. Typically this is the top of the PVC casing. If 
no reference is clearly visible, measure the depth to water from the northern edge of 
the PVC casing. If access to the top of the PVC casing is difficult, sight across the top of 
the locking casing adjacent to the measuring point, recording the position of the cable 
when the probe is at the water surface.  

Measure the distance from this point to the closest interval marker on the tape, and 
record the water level reading in the logbook. Water levels will be measured to the 
nearest 0.01-foot. Also when specified in the project plans, measure and record the 
depth of the piezometer or well. The depth of the piezometer or well may be measured 
using the water-level probe with the instrument turned off. 

Free product light or dense nonaqueous phase liquid may be present in the piezometer 
or well. If the presence of free product is suspected, the thickness of the product 
should be determined using appropriate equipment (e.g., Solinst® Model 122 Interface 
Meter). The depth to water also is determined with this equipment and the water-level 
meter should not be used in the piezometer or well as long as product is present. 
Typically, a constant sound is emitted from the device when free product is 
encountered and an alternating on/off beep sound is emitted when water is 
encountered.  
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The apparent elevation of the water level in the well or piezometer is determined by 
measuring both the apparent depth to water and the thickness of free product. The 
corrected water-level elevation is calculated by the following equation: 

  WLc = Wla + (Free-product thickness x 0.80) 

Where WLc = Corrected water-level elevation 

  Wla = Apparent water-level elevation 

  0.80 = Typical value for the density of petroleum hydrocarbon products. 

If free product is detected on the surface of the water in the piezometer or well, the 
value of sampling should be reconsidered because of the potential for contaminating 
the sampling equipment. 

Staff gages may be installed in some surface-water bodies.  These facilities typically are 
constructed by attaching a calibrated, marked staff gage to a wood or metal post, 
driving the post into the bottom of the surface-water body, and surveying the 
elevation of the top of the post to a resolution or 0.01-foot. The elevation of the water 
in the surface-water body then can be determined by reading off the distance the 
water level is from the top of the post. A shield or other protection may be needed to 
calm the fluctuations in water level if the gage is installed at a location exposed to 
wind or wave.        

IV. Attachments 
None. 

V. Key Checks 
• Before each use, verify that the battery is charged by pressing the test button on the 

water-level meter.   

• Verify that the unit is operating correctly by testing the probe in distilled or de-
ionized water.  Leave the unit turned off when not in use. 
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STANDARD OPERATING PROCEDURE 

Field Measurement of pH, Specific 
Conductance, Turbidity, Dissolved Oxygen, ORP, 
and Temperature Using a Water Quality Meter 
with Flow-Through Cell 

I. Purpose and Scope 
The purpose of this procedure is to provide a general guideline for using a water 
quality meter for field measurements of pH, specific conductance, turbidity, dissolved 
oxygen, oxidation-reduction potential (ORP), and temperature of aqueous samples.  
The operator’s manual should be consulted for detailed operating procedures. 

II. Equipment and Materials 
• Water Quality Monitoring System with flow-though cell (Horiba, YSI, In-Situ, 

Ion Science, etc) 
• Auto-Calibration Standard Solution (provided by rental company) 
• Distilled water in squirt bottle 

III. Procedures and Guidelines 
A. General Parameters and Specifications: 
Note: the general parameters listed below may not be available for every type of 
meter used.  Please refer to the specific meter’s manual to determine meter’s range of 
measurement and accuracy.  

Parameter 

 

Range of measurement 

 

 Accuracy 

 
pH 

 

0 to 14 pH units +/- 0.1 pH units 
Specific 
conductance 

0 to 9.99 S/m 

 

+/- 3 % full scale 

Turbidity 

 

0 to 800 NTU 

 

+/- 5 % full scale 

 
Dissolved 
oxygen 

 

0 to 19.99 mg/l 

 

+/- 0.2 mg/l 

 

 

 

Temperature 

 

0 to 55 oC 

 

+/- 1.0 oC 

 

 

ORP -999 to +999 mV +/- 15 mV 
Salinity 

 

0 to 4 %  

 

+/- 0.3 % 
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 B. Calibration:   
Prior to each day’s use, clean the probe and flow-through cell using deionized water 
and calibrate using the Standard Solution. Refer to the specific instrumentation 
manual for the proper calibration methods. 

C. Sample Measurement: 
The water quality probes are inserted into a flow-through cell.  The purged 
groundwater is directed through the cell by connecting the pump discharge tubing to 
the bottom port on the flow through cell, allowing measurements to be collected 
before the water contacts the atmosphere.   
As water passes through the flow-through the flow cell, press MEAS to obtain 
readings or the readings are displayed on the meter for each parameter (dependent on 
the type of meter used).  Record the water quality parameter data in a field notebook.  
Once the parameters have stabilized (see Low-Flow Groundwater Sampling from 
Monitoring Wells – EPA Region I and III or Low-Flow Groundwater Sampling from 
Monitoring Wells – EPA Region IV depending on project site location), remove the 
tubing from the bottom port of the flow-through cell.  Never collect a groundwater 
sample for laboratory analysis from the flow-through cell. Rinse the flow-though cell 
between wells to remove any sediment buildup within the cell. 

lV. Key Checks and Preventive Maintenance 
 • Calibrate meter 
 • Clean probe with deionized water when done 
 • Refer to operations manual for recommended maintenance and 

troubleshooting 
 • Check batteries, and have a replacement set on hand 

• Due to the importance of obtaining these parameters, the field team should 
have a spare unit readily available in case of an equipment malfunction. 
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PERRY JOHNSON LABORATORY 

ACCREDITATION, INC. 

Certificate of Accreditation 

Perry Johnson Laboratory Accreditation, Inc. has assessed the Laboratory of: 

Columbia Analytical Services 
1565 Jefferson Road, Building 300, Suite 360, Rochester, NY  14623 

(Hereinafter called the Organization) and hereby declares that Organization has met the requirements of 

ISO/IEC 17025:2005 “General Requirements for the competence of Testing and Calibration 

Laboratories” and the DoD Quality Systems Manual for Environmental Laboratories Version 4.1 

4/22/2009 and is accredited is accordance with the:  

United States Department of Defense 
Environmental Laboratory Accreditation Program  

(DoD-ELAP) 

This accreditation demonstrates technical competence for the defined scope: 

Environmental Testing 
(As detailed in the supplement) 

Accreditation claims for such testing and/or calibration services shall only be made from addresses referenced within this 

certificate. This Accreditation is granted subject to the system rules governing the Accreditation referred to above, and the 

Organization hereby covenants with the Accreditation body’s duty to observe and comply with the said rules. 

 Initial Accreditation Date: Issue Date: Accreditation No.: Certificate No.: 

 January 22, 2010 April 7, 2012 65817 L12-48 

 

The validity of this certificate is maintained through ongoing assessments based  

on a continuous accreditation cycle.  The validity of this certificate should be  

confirmed through the PJLA website: www.pjlabs.com  

 

For PJLA: 

 
_________________________ 

Tracy Szerszen 

President/Operations Manager 

Perry Johnson Laboratory 

Accreditation, Inc. (PJLA) 

755 W. Big Beaver, Suite 1325 

Troy, Michigan  48084 
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Matrix Standard/Method Technology Analyte 
Aqueous (CAS SOP) GEN-TICW UV-VIS Total inorganic carbon 

Aqueous EPA 1631 CVAFS Mercury 

Aqueous EPA 1664A Gravimetric Oil and grease 

Aqueous EPA 1664A Gravimetric Total petroleum hydrocarbons 

Aqueous EPA 218.6 IC-UV Chromium, Hexavalent 

Aqueous EPA 245.1 CVAA Mercury 

Aqueous EPA 300.0 IC Chloride 

Aqueous EPA 300.0 IC Fluoride 

Aqueous EPA 300.0 IC Nitrate 

Aqueous EPA 300.0 IC Sulfate 

Aqueous EPA 351.2 UV-VIS Nitrogen, total Kjeldahl 

Aqueous EPA 353.2 UV-VIS Nitrite as N 

Aqueous EPA 410.4 UV-VIS Chemical oxygen demand 

Aqueous EPA 7470A  CVAA Mercury 

Aqueous EPA 8151A GC-ECD Dinoseb 

Aqueous EPA 8260C GC-MS-SIM 1,1-Dichloroethene  

Aqueous EPA 8260C GC-MS-SIM 1,2-Dichlorobenzene 

Aqueous EPA 8260C GC-MS-SIM 1,2-Dichloroethane  

Aqueous EPA 8260C GC-MS-SIM 1,4-Dioxane 

Aqueous EPA 8260C GC-MS-SIM Carbon tetrachloride  

Aqueous EPA 8260C GC-MS-SIM Dichloromethane 

Aqueous EPA 8260C GC-MS-SIM Ethylbenzene  

Aqueous EPA 8260C GC-MS-SIM m- + p-Xylene  

Aqueous EPA 8260C GC-MS-SIM o-Xylene  

Aqueous EPA 8260C GC-MS-SIM Tetrachloroethene  

Aqueous EPA 8260C GC-MS-SIM Trichloroethene  

Aqueous EPA 8260C GC-MS-SIM Vinyl chloride  

Aqueous EPA 8260C GC-MS-SIM Xylenes, total 

Aqueous EPA 8310 HPLC-UV/FLUOR Acenaphthene 

Aqueous EPA 8310 HPLC-UV/FLUOR Acenaphthylene 

Aqueous EPA 8310 HPLC-UV/FLUOR Anthracene 

Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(a)antracene 

Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(a)pyrene 
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Matrix Standard/Method Technology Analyte 
Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(b)fluoranthene 

Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(g,h,i)perylene 

Aqueous EPA 8310 HPLC-UV/FLUOR Benzo(k)fluoranthene 

Aqueous EPA 8310 HPLC-UV/FLUOR Chrysene 

Aqueous EPA 8310 HPLC-UV/FLUOR Dibenzo(a,h)anthracene 

Aqueous EPA 8310 HPLC-UV/FLUOR Fluoranthene 

Aqueous EPA 8310 HPLC-UV/FLUOR Fluorene 

Aqueous EPA 8310 HPLC-UV/FLUOR Indeno(1,2,3-cd)pyrene 

Aqueous EPA 8310 HPLC-UV/FLUOR Naphthalene 

Aqueous EPA 8310 HPLC-UV/FLUOR Phenanthrene 

Aqueous EPA 8310 HPLC-UV/FLUOR Pyrene 

Aqueous EPA 9040B, C POT  pH 

Aqueous EPA 9060, A UV-VIS Total organic carbon 

Aqueous EPA 9066 UV-VIS Phenolics, total 

Aqueous RSK-175 GC-FID Ethane 

Aqueous RSK-175 GC-FID Ethylene 

Aqueous RSK-175 GC-FID Methane 

Aqueous RSK-175 GC-FID Propane 

Aqueous RSK-175 GC-FID Acetylene 

Aqueous SM 2320B Titration Alkalinity, total, carbonate, and bicarbonate 

Aqueous SM 2340C Titration Hardness, total 

Solids (CAS SOP) GEN-351.2 UV-VIS Nitrogen, total Kjeldahl 

Solids (CAS SOP) GEN-420.4/9066 UV-VIS Phenolics, total 

Solids EPA Lloyd Kahn UV-VIS Total organic carbon 

Solids EPA 300.0 IC Chloride 

Solids EPA 300.0 IC Fluoride 

Solids EPA 300.0 IC Nitrate 

Solids EPA 300.0 IC Sulfate 

Solids EPA 7471B CVAA Mercury 

Solids EPA 8330A HPLC-UV 1,3,5-Trinitrobenzene 

Solids EPA 8330A HPLC-UV 1,3-Dinitrobenzene 

Solids EPA 8330A HPLC-UV 2,4,6-Trinitrotoluene 

Solids EPA 8330A HPLC-UV 2,4-Dinitrotoluene 
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Matrix Standard/Method Technology Analyte 
Solids EPA 8330A HPLC-UV 2,6-Dinitrotoluene 

Solids EPA 8330A HPLC-UV 2-Amino-4,6-dinitrotoluene 

Solids EPA 8330A HPLC-UV 2-Nitrotoluene 

Solids EPA 8330A HPLC-UV 3-Nitrotoluene 

Solids EPA 8330A HPLC-UV 4-Amino-2,6-dinitrotoluene 

Solids EPA 8330A HPLC-UV 4-Nitrotoluene 

Solids EPA 8330A HPLC-UV HMX 

Solids EPA 8330A HPLC-UV Nitrobenzene 

Solids EPA 8330A HPLC-UV RDX 

Solids EPA 8330A HPLC-UV Tetryl 

Solids EPA 9045C, D POT  pH 

Solids SM 5220B Titration Chemical oxygen demand 

Aqueous/Solids EPA 1010A Pensky Martin Ignitability 

Aqueous/Solids EPA 353.2 UV-VIS Nitrate/nitrite as N 

Aqueous/Solids EPA 6010C ICP-AES Aluminum 

Aqueous/Solids EPA 6010C ICP-AES Antimony 

Aqueous/Solids EPA 6010C ICP-AES Arsenic 

Aqueous/Solids EPA 6010C ICP-AES Barium 

Aqueous/Solids EPA 6010C ICP-AES Beryllium 

Aqueous/Solids EPA 6010C ICP-AES Boron 

Aqueous/Solids EPA 6010C ICP-AES Cadmium 

Aqueous/Solids EPA 6010C ICP-AES Calcium 

Aqueous/Solids EPA 6010C ICP-AES Chromium 

Aqueous/Solids EPA 6010C ICP-AES Cobalt 

Aqueous/Solids EPA 6010C ICP-AES Copper 

Aqueous/Solids EPA 6010C ICP-AES Iron 

Aqueous/Solids EPA 6010C ICP-AES Lead 

Aqueous/Solids EPA 6010C ICP-AES Magnesium 

Aqueous/Solids EPA 6010C ICP-AES Manganese 

Aqueous/Solids EPA 6010C ICP-AES Nickel 

Aqueous/Solids EPA 6010C ICP-AES Potassium 

Aqueous/Solids EPA 6010C ICP-AES Selenium 

Aqueous/Solids EPA 6010C ICP-AES Silver 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 6010C ICP-AES Sodium 

Aqueous/Solids EPA 6010C ICP-AES Thallium 

Aqueous/Solids EPA 6010C ICP-AES Tin 

Aqueous/Solids EPA 6010C ICP-AES Vanadium 

Aqueous/Solids EPA 6010C ICP-AES Zinc 

Aqueous/Solids EPA 6020A ICP-MS Arsenic 

Aqueous/Solids EPA 6020A ICP-MS Antimony 

Aqueous/Solids EPA 6020A ICP-MS Barium 

Aqueous/Solids EPA 6020A ICP-MS Beryllium 

Aqueous/Solids EPA 6020A ICP-MS Cadmium 

Aqueous/Solids EPA 6020A ICP-MS Chromium 

Aqueous/Solids EPA 6020A ICP-MS Cobalt 

Aqueous/Solids EPA 6020A ICP-MS Copper 

Aqueous/Solids EPA 6020A ICP-MS Lead 

Aqueous/Solids EPA 6020A ICP-MS Manganese 

Aqueous/Solids EPA 6020A ICP-MS Nickel 

Aqueous/Solids EPA 6020A ICP-MS Selenium 

Aqueous/Solids EPA 6020A ICP-MS Silver 

Aqueous/Solids EPA 6020A ICP-MS Thallium 

Aqueous/Solids EPA 6020A ICP-MS Vanadium 

Aqueous/Solids EPA 6020A ICP-MS Zinc 

Aqueous/Solids EPA 680 GC-MS Monochlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Dichlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Trichlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Tetrachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Pentachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Hexachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Heptachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Octachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Nonachlorobiphenyls, Total 

Aqueous/Solids EPA 680 GC-MS Decachlorobiphenyls, Total 

Aqueous/Solids EPA 6850 HPLC-MS Perchlorate 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 7196A UV-VIS Chromium, hexavalent 

Aqueous/Solids EPA 7199 IC-UV  Chromium, hexavalent 

Aqueous/Solids EPA 8015C GC-FID Gasoline range organics 

Aqueous/Solids EPA 8015C  GC-FID Diesel range organics 

Aqueous/Solids EPA 8081B GC-ECD 4,4'-DDD  

Aqueous/Solids EPA 8081B GC-ECD 4,4'-DDE  

Aqueous/Solids EPA 8081B GC-ECD 4,4'-DDT  

Aqueous/Solids EPA 8081B GC-ECD Aldrin  

Aqueous/Solids EPA 8081B GC-ECD α-BHC  

Aqueous/Solids EPA 8081B GC-ECD Alpha-chlordane  

Aqueous/Solids EPA 8081B GC-ECD β-BHC  

Aqueous/Solids EPA 8081B GC-ECD Chlordane, technical 

Aqueous/Solids EPA 8081B GC-ECD δ-BHC  

Aqueous/Solids EPA 8081B GC-ECD Dieldrin    

Aqueous/Solids EPA 8081B GC-ECD Endosulfan I  

Aqueous/Solids EPA 8081B GC-ECD Endosulfan II  

Aqueous/Solids EPA 8081B GC-ECD Endosulfan sulfate  

Aqueous/Solids EPA 8081B GC-ECD Endrin  

Aqueous/Solids EPA 8081B GC-ECD Endrin aldehyde  

Aqueous/Solids EPA 8081B GC-ECD Endrin ketone  

Aqueous/Solids EPA 8081B GC-ECD γ-BHC (Lindane)  

Aqueous/Solids EPA 8081B GC-ECD γ-Chlordane  

Aqueous/Solids EPA 8081B GC-ECD Heptachlor  

Aqueous/Solids EPA 8081B GC-ECD Heptachlor epoxide  

Aqueous/Solids EPA 8081B GC-ECD Hexachlorobenzene 

Aqueous/Solids EPA 8081B GC-ECD Methoxychlor  

Aqueous/Solids EPA 8081B GC-ECD Toxaphene  

Aqueous/Solids EPA 8082A GC-ECD PCB 1016  

Aqueous/Solids EPA 8082A GC-ECD PCB 1221  

Aqueous/Solids EPA 8082A GC-ECD PCB 1232   

Aqueous/Solids EPA 8082A GC-ECD PCB 1242  

Aqueous/Solids EPA 8082A GC-ECD PCB 1248  

Aqueous/Solids EPA 8082A GC-ECD PCB 1254  
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8082A GC-ECD PCB 1260  

Aqueous/Solids EPA 8082A GC-ECD PCB 1268  

Aqueous/Solids EPA 8151A GC-ECD 2,4-D 

Aqueous/Solids EPA 8151A GC-ECD Dicamba 

Aqueous/Solids EPA 8151A GC-ECD 2,4,5-T 

Aqueous/Solids EPA 8151A GC-ECD 2,4,5-TP 

Aqueous/Solids EPA 8151A GC-ECD Pentachlorophenol (PCP) 

Aqueous/Solids EPA 8260C GC-MS 1,1,1,2-Tetrachloroethane 

Aqueous/Solids EPA 8260C GC-MS 1,1,1-Trichloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,1,2,2-Tetrachloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) 

Aqueous/Solids EPA 8260C GC-MS 1,1,2-Trichloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,1-Dichloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,1-Dichloroethene  

Aqueous/Solids EPA 8260C GC-MS 1,1-Dichloropropene 

Aqueous/Solids EPA 8260C GC-MS 1,2,3-Trichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,2,3-Trichloropropane 

Aqueous/Solids EPA 8260C GC-MS 1,2,4-Trichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,2,4-Trimethylbenzene 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dibromo-3-chloropropane 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dibromoethane 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloro-1,1,2,2-tetrafluoroethane (Freon-114) 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloro-1,1,2-trifluoroethane (Freon 123a) 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloroethane  

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloroethene, total 

Aqueous/Solids EPA 8260C GC-MS 1,2-Dichloropropane  

Aqueous/Solids EPA 8260C GC-MS 1,3,5-Trimethylbenzene 

Aqueous/Solids EPA 8260C GC-MS 1,3-Dichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,3-Dichloropropane 

Aqueous/Solids EPA 8260C GC-MS 1,4-Dichlorobenzene 

Aqueous/Solids EPA 8260C GC-MS 1,4-Dioxane 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8260C GC-MS 2,2-Dichloro-1,1,1-trifluoroethane (Freon 123) 

Aqueous/Solids EPA 8260C GC-MS 2,2-Dichloropropane 

Aqueous/Solids EPA 8260C GC-MS 2-Butanone (MEK)  

Aqueous/Solids EPA 8260C GC-MS 2-Chloro-1,3-butadiene 

Aqueous/Solids EPA 8260C GC-MS 2-Chloroethylvinyl ether 

Aqueous/Solids EPA 8260C GC-MS 2-Chlorotoluene 

Aqueous/Solids EPA 8260C GC-MS 2-Hexanone  

Aqueous/Solids EPA 8260C GC-MS 2-Methyl-1-propanol (Isobutlyl alcohol) 

Aqueous/Solids EPA 8260C GC-MS 2-Methyl-2-propanol (Tertbutyl alcohol) 

Aqueous/Solids EPA 8260C GC-MS 2-Nitropropane 

Aqueous/Solids EPA 8260C GC-MS 2-Propanol 

Aqueous/Solids EPA 8260C GC-MS 3-Chloro-1-propene (Allyl chloride) 

Aqueous/Solids EPA 8260C GC-MS 4-Chlorotoluene 

Aqueous/Solids EPA 8260C GC-MS 4-Ethyltoluene 

Aqueous/Solids EPA 8260C GC-MS 4-Isopropyltoluene 

Aqueous/Solids EPA 8260C GC-MS 4-Methyl-2-pentanone (MIBK)  

Aqueous/Solids EPA 8260C GC-MS Acetone  

Aqueous/Solids EPA 8260C GC-MS Acetonitrile 

Aqueous/Solids EPA 8260C GC-MS Acrolein 

Aqueous/Solids EPA 8260C GC-MS Acrylonitrile 

Aqueous/Solids EPA 8260C GC-MS Benzene  

Aqueous/Solids EPA 8260C GC-MS Benzyl chloride 

Aqueous/Solids EPA 8260C GC-MS Bromobenzene 

Aqueous/Solids EPA 8260C GC-MS Bromochloromethane 

Aqueous/Solids EPA 8260C GC-MS Bromodichloromethane  

Aqueous/Solids EPA 8260C GC-MS Bromoform  

Aqueous/Solids EPA 8260C GC-MS Bromomethane  

Aqueous/Solids EPA 8260C GC-MS Carbon disulfide  

Aqueous/Solids EPA 8260C GC-MS Carbon tetrachloride  

Aqueous/Solids EPA 8260C GC-MS Chlorobenzene  

Aqueous/Solids EPA 8260C GC-MS Chloroethane  

Aqueous/Solids EPA 8260C GC-MS Chloroform  

Aqueous/Solids EPA 8260C GC-MS Chloromethane  
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8260C GC-MS cis-1,2-Dichloroethene  

Aqueous/Solids EPA 8260C GC-MS cis-1,3-Dichloropropene  

Aqueous/Solids EPA 8260C GC-MS Cyclohexane 

Aqueous/Solids EPA 8260C GC-MS Cyclohexanone 

Aqueous/Solids EPA 8260C GC-MS Dibromochloromethane  

Aqueous/Solids EPA 8260C GC-MS Dibromomethane 

Aqueous/Solids EPA 8260C GC-MS Dichlorodifluoromethane (Freon 12) 

Aqueous/Solids EPA 8260C GC-MS Dichlorofluoromethane (Freon 21) 

Aqueous/Solids EPA 8260C GC-MS Dichloromethane 

Aqueous/Solids EPA 8260C GC-MS Diethyl ether 

Aqueous/Solids EPA 8260C GC-MS Diisopropyl ether 

Aqueous/Solids EPA 8260C GC-MS Ethyl methacrylate 

Aqueous/Solids EPA 8260C GC-MS Ethyl tert-butyl ether 

Aqueous/Solids EPA 8260C GC-MS Ethylbenzene  

Aqueous/Solids EPA 8260C GC-MS Hexachlorobutadiene 

Aqueous/Solids EPA 8260C GC-MS Iodomethane 

Aqueous/Solids EPA 8260C GC-MS Isopropylbenzene 

Aqueous/Solids EPA 8260C GC-MS m- + p-Xylene  

Aqueous/Solids EPA 8260C GC-MS Methacrylonitrile 

Aqueous/Solids EPA 8260C GC-MS Methyl acetate 

Aqueous/Solids EPA 8260C GC-MS Methyl methacrylate 

Aqueous/Solids EPA 8260C GC-MS Methylcyclohexane 

Aqueous/Solids EPA 8260C GC-MS Methyl-tert-butyl ether (MTBE) 

Aqueous/Solids EPA 8260C GC-MS Napthalene 

Aqueous/Solids EPA 8260C GC-MS N-butylacetate 

Aqueous/Solids EPA 8260C GC-MS N-butylbenzene 

Aqueous/Solids EPA 8260C GC-MS N-heptane 

Aqueous/Solids EPA 8260C GC-MS N-propylbenzene 

Aqueous/Solids EPA 8260C GC-MS o-Xylene  

Aqueous/Solids EPA 8260C GC-MS Propionitrile 

Aqueous/Solids EPA 8260C GC-MS sec-butylbenzene 

Aqueous/Solids EPA 8260C GC-MS Styrene  

Aqueous/Solids EPA 8260C GC-MS tert-amyl methyl ether 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8260C GC-MS tert-butylbenzene 

Aqueous/Solids EPA 8260C GC-MS Tetra hydrofuran 

Aqueous/Solids EPA 8260C GC-MS Tetrachloroethene  

Aqueous/Solids EPA 8260C GC-MS Toluene  

Aqueous/Solids EPA 8260C GC-MS trans-1,2-Dichloroethene  

Aqueous/Solids EPA 8260C GC-MS trans-1,3-Dichloropropene  

Aqueous/Solids EPA 8260C GC-MS trans-1,4-Dichloro-2-butene 

Aqueous/Solids EPA 8260C GC-MS Trichloroethene  

Aqueous/Solids EPA 8260C GC-MS Trichlorofluoromethane (Freon 11) 

Aqueous/Solids EPA 8260C GC-MS Vinyl acetate 

Aqueous/Solids EPA 8260C GC-MS Vinyl chloride  

Aqueous/Solids EPA 8260C GC-MS Xylenes, total 

Aqueous/Solids EPA 8270D GC-MS 1,2,4,5-Tetrachlorobenzene 

Aqueous/Solids EPA 8270D GC-MS 1,2,4-Trichlorobenzene  

Aqueous/Solids EPA 8270D GC-MS 1,2-Dichlorobenzene  

Aqueous/Solids EPA 8270D GC-MS 1,2-Diphenylhydrazine 

Aqueous/Solids EPA 8270D GC-MS 1,3,5-Trinitrobenzene 

Aqueous/Solids EPA 8270D GC-MS 1,3-Dichlorobenzene  

Aqueous/Solids EPA 8270D GC-MS 1,3-Dinitrobenzene 

Aqueous/Solids EPA 8270D GC-MS 1,4-Dichlorobenzene  

Aqueous/Solids EPA 8270D GC-MS 1,4-Dioxane 

Aqueous/Solids EPA 8270D GC-MS 1,4-Naphthoquinone 

Aqueous/Solids EPA 8270D GC-MS 1-Methyl-2-pyrrolidinone 

Aqueous/Solids EPA 8270D GC-MS 1-Methylnaphthalene 

Aqueous/Solids EPA 8270D GC-MS 1-Naphthylamine 

Aqueous/Solids EPA 8270D GC-MS 2,3,4,6-Tetrachlorophenol 

Aqueous/Solids EPA 8270D GC-MS 2,4,5-Trichlorophenol  

Aqueous/Solids EPA 8270D GC-MS 2,4,6-Trichlorophenol  

Aqueous/Solids EPA 8270D GC-MS 2,4-Dichlorophenol  

Aqueous/Solids EPA 8270D GC-MS 2,4-Dimethylphenol  

Aqueous/Solids EPA 8270D GC-MS 2,4-Dinitrophenol  

Aqueous/Solids EPA 8270D GC-MS 2,4-Dinitrotoluene  

Aqueous/Solids EPA 8270D GC-MS 2,6-Dichlorophenol 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS 2,6-Dinitrotoluene  

Aqueous/Solids EPA 8270D GC-MS 2-Acetylaminofluorene 

Aqueous/Solids EPA 8270D GC-MS 2-Chloronaphthalene  

Aqueous/Solids EPA 8270D GC-MS 2-Chlorophenol  

Aqueous/Solids EPA 8270D GC-MS 2-Methyl-5-nitroaniline (5-Nitro-o-toluidine) 

Aqueous/Solids EPA 8270D GC-MS 2-Methylnaphthalene  

Aqueous/Solids EPA 8270D GC-MS 2-Methylphenol  

Aqueous/Solids EPA 8270D GC-MS 2-Naphthylamine 

Aqueous/Solids EPA 8270D GC-MS 2-Nitroaniline  

Aqueous/Solids EPA 8270D GC-MS 2-Nitrophenol  

Aqueous/Solids EPA 8270D GC-MS 2-Picoline 

Aqueous/Solids EPA 8270D GC-MS 3,3'-Dichlorobenzidine  

Aqueous/Solids EPA 8270D GC-MS 3,3'-Dimethylbenzidine 

Aqueous/Solids EPA 8270D GC-MS 3+4-Methylphenol  

Aqueous/Solids EPA 8270D GC-MS 3-Methylcholanthrene 

Aqueous/Solids EPA 8270D GC-MS 3-Nitroaniline  

Aqueous/Solids EPA 8270D GC-MS 4,6-Dinitro-2-methylphenol  

Aqueous/Solids EPA 8270D GC-MS 4-Aminobiphenyl 

Aqueous/Solids EPA 8270D GC-MS 4-Bromophenyl-phenylether  

Aqueous/Solids EPA 8270D GC-MS 4-Chloro-3-methylphenol  

Aqueous/Solids EPA 8270D GC-MS 4-Chloroaniline  

Aqueous/Solids EPA 8270D GC-MS 4-Chlorophenyl-phenylether  

Aqueous/Solids EPA 8270D GC-MS 4-Nitroaniline  

Aqueous/Solids EPA 8270D GC-MS 4-Nitrophenol  

Aqueous/Solids EPA 8270D GC-MS 4-Nitroquinoline-1-oxide 

Aqueous/Solids EPA 8270D GC-MS 7,12-Dimethylbenz(a)anthracene 

Aqueous/Solids EPA 8270D GC-MS α,α-Dimethylphenethylamine 

Aqueous/Solids EPA 8270D GC-MS Acenaphthene  

Aqueous/Solids EPA 8270D GC-MS Acenaphthylene  

Aqueous/Solids EPA 8270D GC-MS Acetophenone 

Aqueous/Solids EPA 8270D GC-MS Aniline 

Aqueous/Solids EPA 8270D GC-MS Anthracene  

Aqueous/Solids EPA 8270D GC-MS Aramite 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS Atrazine 

Aqueous/Solids EPA 8270D GC-MS Benzaldehyde 

Aqueous/Solids EPA 8270D GC-MS Benzidine 

Aqueous/Solids EPA 8270D GC-MS Benzo(a)anthracene   

Aqueous/Solids EPA 8270D GC-MS Benzo(a)pyrene  

Aqueous/Solids EPA 8270D GC-MS Benzo(b)fluoranthene  

Aqueous/Solids EPA 8270D GC-MS Benzo(g,h,i)perylene  

Aqueous/Solids EPA 8270D GC-MS Benzo(k)fluoranthene  

Aqueous/Solids EPA 8270D GC-MS Benzoic acid 

Aqueous/Solids EPA 8270D GC-MS Benzyl alcohol  

Aqueous/Solids EPA 8270D GC-MS Biphenyl 

Aqueous/Solids EPA 8270D GC-MS Bis(1-chloroisopropyl)ether 

Aqueous/Solids EPA 8270D GC-MS Bis(-2-chloroethoxy)methane  

Aqueous/Solids EPA 8270D GC-MS Bis(2-chloroethyl)ether  

Aqueous/Solids EPA 8270D GC-MS Bis(2-ethylhexyl)phthalate  

Aqueous/Solids EPA 8270D GC-MS Butyl benzyl phthalate   

Aqueous/Solids EPA 8270D GC-MS Caprolactam 

Aqueous/Solids EPA 8270D GC-MS Carbazole  

Aqueous/Solids EPA 8270D GC-MS Chlorobenzilate 

Aqueous/Solids EPA 8270D GC-MS Chrysene  

Aqueous/Solids EPA 8270D GC-MS Cyclohexane, isothiocyanato- 

Aqueous/Solids EPA 8270D GC-MS Diallate 

Aqueous/Solids EPA 8270D GC-MS Dibenzo(a,h)anthracene  

Aqueous/Solids EPA 8270D GC-MS Dibenzofuran   

Aqueous/Solids EPA 8270D GC-MS Diethylphthalate  

Aqueous/Solids EPA 8270D GC-MS Dimethoate 

Aqueous/Solids EPA 8270D GC-MS Dimethyl phthalate  

Aqueous/Solids EPA 8270D GC-MS Di-n-butylphthalate  

Aqueous/Solids EPA 8270D GC-MS Di-n-octyl phthalate  

Aqueous/Solids EPA 8270D GC-MS Dinoseb 

Aqueous/Solids EPA 8270D GC-MS Diphenylamine 

Aqueous/Solids EPA 8270D GC-MS Disulfoton 

Aqueous/Solids EPA 8270D GC-MS Ethyl methanesulfonate 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS Fluoranthene  

Aqueous/Solids EPA 8270D GC-MS Fluorene  

Aqueous/Solids EPA 8270D GC-MS Hexachlorobenzene  

Aqueous/Solids EPA 8270D GC-MS Hexachlorobutadiene  

Aqueous/Solids EPA 8270D GC-MS Hexachlorocyclopentadiene  

Aqueous/Solids EPA 8270D GC-MS Hexachloroethane  

Aqueous/Solids EPA 8270D GC-MS Hexachlorophene 

Aqueous/Solids EPA 8270D GC-MS Hexachloropropene 

Aqueous/Solids EPA 8270D GC-MS Indeno(1,2,3-cd)pyrene  

Aqueous/Solids EPA 8270D GC-MS Isodrin 

Aqueous/Solids EPA 8270D GC-MS Isophorone  

Aqueous/Solids EPA 8270D GC-MS Isosafrole 

Aqueous/Solids EPA 8270D GC-MS Methapyrilene 

Aqueous/Solids EPA 8270D GC-MS Methyl methanesulfonate 

Aqueous/Solids EPA 8270D GC-MS Methyl parathion 

Aqueous/Solids EPA 8270D GC-MS Naphthalene  

Aqueous/Solids EPA 8270D GC-MS Nitrobenzene  

Aqueous/Solids EPA 8270D GC-MS N-nitrosodiethylamine 

Aqueous/Solids EPA 8270D GC-MS N-nitrosodimethylamine  

Aqueous/Solids EPA 8270D GC-MS N-nitrosodi-n-butylamine 

Aqueous/Solids EPA 8270D GC-MS N-nitroso-di-n-propylamine  

Aqueous/Solids EPA 8270D GC-MS N-nitrosodiphenylamine  

Aqueous/Solids EPA 8270D GC-MS N-nitrosomethylethylamine 

Aqueous/Solids EPA 8270D GC-MS N-nitrosomorpholine 

Aqueous/Solids EPA 8270D GC-MS N-nitrosopiperidine 

Aqueous/Solids EPA 8270D GC-MS N-nitrosopyrolidine 

Aqueous/Solids EPA 8270D GC-MS Octachlorostyrene 

Aqueous/Solids EPA 8270D GC-MS o,o,o-triethyl phosphorothioate 

Aqueous/Solids EPA 8270D GC-MS o-toluidine 

Aqueous/Solids EPA 8270D GC-MS Parathion (ethyl) 

Aqueous/Solids EPA 8270D GC-MS p-dimethylaminoazobenzene 

Aqueous/Solids EPA 8270D GC-MS Pentachlorobenzene 

Aqueous/Solids EPA 8270D GC-MS Pentachloroethane 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS Pentachloronitrobenzene 

Aqueous/Solids EPA 8270D GC-MS Pentachlorophenol  

Aqueous/Solids EPA 8270D GC-MS Phenacetin 

Aqueous/Solids EPA 8270D GC-MS Phenanthrene  

Aqueous/Solids EPA 8270D GC-MS Phenol  

Aqueous/Solids EPA 8270D GC-MS Phorate 

Aqueous/Solids EPA 8270D GC-MS Phthalimide 

Aqueous/Solids EPA 8270D GC-MS Pyrene  

Aqueous/Solids EPA 8270D GC-MS Pyridine 

Aqueous/Solids EPA 8270D GC-MS Safrole 

Aqueous/Solids EPA 8270D GC-MS Sulfotepp 

Aqueous/Solids EPA 8270D GC-MS Thionazin 

Aqueous/Solids EPA 8270D GC-MS-LL 1,4-Dioxane 

Aqueous/Solids EPA 8270D GC-MS-LL 1-Methylnaphthalene 

Aqueous/Solids EPA 8270D GC-MS-LL 2-Methylnaphthalene 

Aqueous/Solids EPA 8270D GC-MS-LL Acenaphthene  

Aqueous/Solids EPA 8270D GC-MS-LL Acenaphthylene  

Aqueous/Solids EPA 8270D GC-MS-LL Anthracene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(a)anthracene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(a)pyrene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(b)fluoranthene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(g,h,i)perylene  

Aqueous/Solids EPA 8270D GC-MS-LL Benzo(k)fluoranthene  

Aqueous/Solids EPA 8270D GC-MS-LL Bis(2-ethylhexyl)phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Butyl benzyl phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Carbazole 

Aqueous/Solids EPA 8270D GC-MS-LL Chrysene  

Aqueous/Solids EPA 8270D GC-MS-LL Dibenzo(a,h)anthracene  

Aqueous/Solids EPA 8270D GC-MS-LL Dibenzofuran 

Aqueous/Solids EPA 8270D GC-MS-LL Diethyl phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Dimethyl phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Di-n-butyl phthalate 

Aqueous/Solids EPA 8270D GC-MS-LL Di-n-octyl phthalate 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8270D GC-MS-LL Fluoranthene  

Aqueous/Solids EPA 8270D GC-MS-LL Fluorene  

Aqueous/Solids EPA 8270D GC-MS-LL Hexachlorobenzene 

Aqueous/Solids EPA 8270D GC-MS-LL Indeno(1,2,3-cd)pyrene  

Aqueous/Solids EPA 8270D GC-MS-LL Naphthalene  

Aqueous/Solids EPA 8270D GC-MS-LL Nitrobenzene 

Aqueous/Solids EPA 8270D GC-MS-LL Octachlorostyrene 

Aqueous/Solids EPA 8270D GC-MS-LL Phenanthrene  

Aqueous/Solids EPA 8270D GC-MS-LL Pyrene  

Aqueous/Solids EPA 8270D GC-MS-LL Pyridine 

Aqueous/Solids EPA 9012A, B UV-VIS Cyanide, total 

Aqueous/Solids EPA 9034 Titration Sulfide, acid soluble 

Aqueous/Solids EPA 9056A IC Bromide 

Aqueous/Solids EPA 9056A IC Chloride 

Aqueous/Solids EPA 9056A IC Fluoride 

Aqueous/Solids EPA 9056A IC Nitrate as Nitrogen 

Aqueous/Solids EPA 9056A IC Nitrite as Nitrogen 

Aqueous/Solids EPA 9056A IC Sulfate 

Aqueous/Solids GEN-AVS Titrimetric Acid Volatile Sulfide 

Aqueous/Solids EPA 8330B HPLC 1,3,5-Trinitrobenzene 

Aqueous/Solids EPA 8330B HPLC 1,3-Dinitrobenzene 

Aqueous/Solids EPA 8330B HPLC 2,4,6-Trinitrotoluene (TNT) 

Aqueous/Solids EPA 8330B HPLC 2,4-Dinitrotoluene 

Aqueous/Solids EPA 8330B HPLC 2,6-Dinitrotoluene 

Aqueous/Solids EPA 8330B HPLC 2-Amino 4,6-Dinitrotoluene 

Aqueous/Solids EPA 8330B HPLC 2-Nitrotoluene 

Aqueous/Solids EPA 8330B HPLC 3,5-Dinitroaniline 

Aqueous/Solids EPA 8330B HPLC 3-Nitrotoluene 

Aqueous/Solids EPA 8330B HPLC 4-Amino 2,6-Dinitrotoluene 

Aqueous/Solids EPA 8330B HPLC 4-Nitrotoluene 

Aqueous/Solids EPA 8330B HPLC Hexahydro 1,3,5-Trinitro 1,3,5-Triazine  

Aqueous/Solids EPA 8330B HPLC Methyl 2,4,6 Trinitrophenylnitramine  

Aqueous/Solids EPA 8330B HPLC Nitrobenzene 

Aqueous/Solids EPA 8330B HPLC Nitroglycerin 
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Matrix Standard/Method Technology Analyte 
Aqueous/Solids EPA 8330B HPLC Octahydro 1.3.5.7 Tetranitro 1,3,5,7 

Tetraz 

Aqueous/Solids EPA 8330B HPLC Pentaerythritol Tetranitrate (PETN) 

Aqueous/Solids HPLC-METACID HPLC Acetic Acid 

Aqueous/Solids HPLC-METACID HPLC Butanoic Acid (Butyric Acid) 

Aqueous/Solids HPLC-METACID HPLC Lactic Acid 

Aqueous/Solids HPLC-METACID HPLC Propionic Acid 

Aqueous/Solids HPLC-METACID HPLC Pyruvic Acid 

 

 

 

Matrix Standard/Method Technology Analyte 
Aqueous EPA 3010A  Acid Digestion Metals prep 

Aqueous EPA 3510C SF Extraction Semivolatiles, pesticides, PCBs, DRO 

Aqueous EPA 5030B P&T Volatiles 

Solids EPA 3050B Acid Digestion Metals prep 

Solids EPA 3060A Digestion Hexavalent chromium digestion 

Solids EPA 3541 SOX Extraction Semivolatiles, pesticides, PCBs, DRO 

Solids EPA 5035 P&T closed Volatiles 

Aqueous/Solids EPA 1311 TCLP Physical Extraction  

Aqueous/Solids EPA 1312 SPLP Physical Extraction  

Aqueous/Solids EPA 3620B Florisil Cleanup Semivolatiles, pesticides, PCBs 

Aqueous/Solids EPA 3660B Sulfur Cleanup Semivolatiles, pesticides, PCBs 

Aqueous/Solids EPA 3665A Sulfuric Acid Cleanup PCBs 

Aqueous/Solids EPA 9012A, B Distillation Cyanide 

Aqueous/Solids EPA 9030B Distillation Sulfide, acid soluble 
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ENVIRONMENTAL CONSERVATION LABORATORIES – JACKSONVILLE 
4810 Executive Park Court, Suite 111 

Jacksonville, FL 32216 
Denise K. Stern    Phone:  904 296 3007 
Email address:   dstern@encolabs.com 

 
ENVIRONMENTAL 

 
Valid To:  April 30, 2014    Certificate Number:  3000.02 

 
In recognition of the successful completion of the A2LA evaluation process, (including an assessment of the laboratory's 
compliance with ISO IEC 17025:2005, the 2003 NELAC Chapter 5 Standard, and the requirements of the DoD 
Environmental Laboratory Accreditation Program (DoD ELAP) as detailed in the current DoD Quality Systems Manual 
for Environmental Laboratories) accreditation is granted to this laboratory to perform recognized EPA methods using the 
following testing technologies and in the analyte categories identified below: 
 

Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

Isopropyl alcohol (2-
Propanol)  EPA 8015C NA ENCO VGCMS-07  
4-Ethyltoluene  NA NA ENCO VGCMS-07  
Cyclohexane  EPA 8260B EPA 8260B ENCO VGCMS-07  
1,1,1-Trichloroethane  EPA 624, 8260B EPA 8260B EPA TO-14A, EPA TO-15 
1,1,2,2-Tetrachloroethane  EPA 624, 8260B EPA 8260B EPA TO-14A, EPA TO-15 
1,1,2-Trichloro-1,2,2-
trifluoroethane  EPA 8260B 

EPA 8260B 
EPA TO-14A  

1,1,2-Trichloroethane  EPA 624, 8260B EPA 8260B EPA TO-14A, EPA TO-15  
1,1-Dichloroethane  EPA 624, 8260B EPA 8260B EPA TO-14A, EPA TO-15  
1,1-Dichloroethylene  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15  
1,2-Dichloro-1,1,2,2-
tetrafluoroethane   NA NA EPA TO-14A  
1,3-Butadiene  NA NA EPA TO-15 
1,4-Dioxane  EPA 8260B EPA 8260B EPA TO-15 
2,2,4-Trimethylpentane  NA NA EPA TO-15 
Benzyl chloride  NA NA EPA TO-15 
n-Hexane  NA NA EPA TO-15 
2-Hydroxy isobutyric  acid  ENCO VGC-13  NA NA 
Acetic acid  ENCO VGC-13  NA NA 
Butyric acid (Butanoic acid)  ENCO VGC-13  NA NA 
Hexanoic acid  ENCO VGC-13  NA NA 
Isohexanoic acid (4-methyl-
pentanoic acid)  ENCO VGC-13  NA NA 
Isopentanoic acid (3-methyl-
butanoic acid)  ENCO VGC-13  NA NA 
Lactic acid  ENCO VGC-13  NA NA 
Pentanoic acid  ENCO VGC-13  NA NA 



P (A2LA Cert. No. 3000.02) Revised 05/09/2012  Page 2 of 10 
  

Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

Propionic acid (Propanoic 
acid)  ENCO VGC-13  NA NA 
Pyruvic acid  ENCO VGC-13  NA NA 
Propylene glycol  ENCO VGC-18  NA NA 
Ethyl acetate  EPA 8015C  NA ENCO VGCMS-07  
Ethylene glycol  EPA 8015C  NA NA 
Diesel range organics (DRO) EPA 8015C EPA 8015C NA 
Gasoline range organics 
(GRO)  EPA 8015C EPA 8015C  NA 
Isobutyl alcohol (2-Methyl-1-
propanol)  EPA 8015C, 8260B   EPA 8260B  NA 
Methanol  EPA 8015C  EPA 8015C NA 
n-Butyl alcohol  EPA 8015C  NA NA 
n-Propanol  EPA 8015C  NA NA 
1,2-Dibromo-3-
chloropropane (DBCP)  

EPA 504, 504.1, 8011, 
8260B  EPA 8260B NA 

1,2-Dibromoethane (EDB, 
Ethylene dibromide)  

EPA 504, 504.1, 8011, 
8260B   EPA 8260B EPA TO-14A, EPA TO-15 

1,2-Dichlorobenzene  EPA 624, 8260B, 8270D  EPA 8260B, 8270D EPA TO-14A, EPA TO-15 
1,2-Dichloroethane  EPA 624, 8260B EPA 8260B EPA TO-14A, EPA TO-15 
1,2-Dichloropropane  EPA 624, 8260B EPA 8260B EPA TO-14A, EPA TO-15 
1,3-Dichlorobenzene  EPA 624, 8260B, 8270D  EPA 8260B, 8270D EPA TO-14A, EPA TO-15 
1,4-Dichlorobenzene  EPA 624, 8260B, 8270D  EPA 8260B, 8270D EPA TO-14A, EPA TO-15 
2-Chloroethyl vinyl ether  EPA 624, 8260B  EPA 8260B NA 
Acrolein (Propenal)  EPA 624, 8260B EPA 8260B  NA 
Acrylonitrile  EPA 624, 8260B  EPA 8260B NA 
Benzene  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
Bromodichloromethane  EPA 624, 8260B  EPA 8260B ENCO VGCMS-07  
Bromoform  EPA 624, 8260B EPA 8260B  EPA TO-15 
Carbon tetrachloride  EPA 624, 8260B  EPA 8260B EPA TO-14A, EPA TO-15 
Chlorobenzene  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
Chloroethane  EPA 624, 8260B  EPA 8260B EPA TO-14A, EPA TO-15 
Chloroform  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
cis-1,3-Dichloropropene  EPA 624, 8260B  EPA 8260B EPA TO-14A, EPA TO-15 
Dibromochloromethane  EPA 624, 8260B EPA 8260B  ENCO VGCMS-07  
Ethylbenzene  EPA 624, 8260B  EPA 8260B EPA TO-14A, EPA TO-15 
Methyl bromide 
(Bromomethane)  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
Methyl chloride 
(Chloromethane)  EPA 624, 8260B  EPA 8260B EPA TO-14A, EPA TO-15 
Methylene chloride  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
Tetrachloroethylene   EPA 624, 8260B  EPA 8260B EPA TO-14A, EPA TO-15 
Toluene  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
trans-1,2-Dichloroethylene  EPA 624, 8260B  EPA 8260B EPA TO-15 
trans-1,3-Dichloropropylene  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
Trichloroethene   EPA 624, 8260B  EPA 8260B EPA TO-14A, EPA TO-15 
Trichlorofluoromethane  EPA 624, 8260B EPA 8260B  EPA-TO-14A 
Vinyl chloride  EPA 624, 8260B  EPA 8260B EPA TO-14A, EPA TO-15 
Xylene (total)  EPA 624, 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
1,1,1,2-Tetrachloroethane  EPA 8260B  EPA 8260B NA 
1,1-Dichloropropene  EPA 8260B EPA 8260B  NA 
1,2,3-Trichlorobenzene  EPA 8260B  EPA 8260B NA 
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Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

1,2,3-Trichloropropane  EPA 8260B EPA 8260B  NA 
1,2,4-Trichlorobenzene  EPA 8260B, 625, 8270D  EPA 8260B, 8270D EPA TO-14A, EPA TO-15 
1,2,4-Trimethylbenzene  EPA 8260B  EPA 8260B  EPA TO-14A 
1,3,5-Trimethylbenzene  EPA 8260B EPA 8260B EPA TO-14A 
1,3-Dichloropropane  EPA 8260B  EPA 8260B  NA 
2,2-Dichloropropane  EPA 8260B EPA 8260B NA 
2-Butanone  (Methyl ethyl 
ketone, MEK)  EPA 8260B, 8015C  EPA 8260B  EPA TO-15 
2-Chlorotoluene  EPA 8260B  EPA 8260B NA 
2-Hexanone  EPA 8260B EPA 8260B  ENCO VGCMS-07 
4-Chlorotoluene  EPA 8260B  EPA 8260B NA 
4-Methyl-2-pentanone 
(MIBK)  EPA 8260B, 8015C  EPA 8260B  EPA TO-15 
Acetone  EPA 8260B  EPA 8260B ENCO VGCMS-07 
Acetonitrile  EPA 8260B EPA 8260B  NA 
Allyl chloride (3-
Chloropropene)  EPA 8260B  EPA 8260B EPA TO-15 
Bromobenzene  EPA 8260B EPA 8260B  NA 
Bromochloromethane  EPA 8260B  EPA 8260B NA 
Carbon disulfide  EPA 8260B EPA 8260B  EPA TO-15 
Chloroprene  EPA 8260B  EPA 8260B NA 
cis-1,2-Dichloroethylene  EPA 8260B EPA 8260B  EPA TO-14A, EPA TO-15 
Dibromomethane  EPA 8260B  EPA 8260B NA 
Dichlorodifluoromethane  EPA 8260B EPA 8260B  EPA TO-14A  
Diethyl ether EPA 8260B EPA 8260B NA 
Ethanol  EPA 8260B, 8015C  EPA 8260B NA 
Ethyl methacrylate EPA 8260B EPA 8260B NA 
Hexachlorobutadiene  EPA 8260B, 625, 8270D  EPA 8260B, 8270D EPA TO-14A, EPA TO-15 
Iodomethane (Methyl iodine) EPA 8260B EPA 8260B NA 
Isopropylbenzene  EPA 8260B  EPA 8260B  NA 
Isopropyl ether EPA 8260B EPA 8260B NA 
Methacrylonitrile  EPA 8260B EPA 8260B NA 
Methyl Acetate EPA 8260B EPA 8260B NA 
Methyl Cyclohexane EPA 8260B EPA 8260B NA 
Methyl methacrylate  EPA 8260B  EPA 8260B  NA 
Methyl tert-butyl ether 
(MTBE)  EPA 8260B EPA 8260B EPA TO-15 
m.p-Xylene  EPA 8260B  EPA 8260B  EPA TO-14A, EPA TO-15 

Naphthalene  
EPA 8260B, 625 Scan-Sim, 
8270D Scan-Sim 

EPA 8260B, 8270D 
Scan-Sim NA 

n-Butyl benzene  EPA 8260B  EPA 8260B  NA 
n-Propyl benzene  EPA 8260B EPA 8260B NA 
o-Xylene  EPA 8260B  EPA 8260B  EPA TO-14A, EPA TO-15 
p-Isopropyltoluene  EPA 8260B EPA 8260B NA 
Propionitrile (Ethyl cyanide)  EPA 8260B  EPA 8260B  NA 
sec-Butylbenzene  EPA 8260B  EPA 8260B  NA 
Styrene  EPA 8260B EPA 8260B EPA TO-14A, EPA TO-15 
tert-Butylbenzene  EPA 8260B  EPA 8260B  NA 
trans-1,4-Dichloro-2-butene  EPA 8260B EPA 8260B NA 
Vinyl acetate  EPA 8260B  EPA 8260B  EPA TO-15 
4,4'-DDD EPA 608, 8081B  EPA 8081B NA 
4,4'-DDE  EPA 608, 8081B  EPA 8081B NA 
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Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

4,4'-DDT  EPA 608, 8081B  EPA 8081B NA 
Aldrin  EPA 608, 8081B  EPA 8081B NA 
alpha-BHC (alpha-
Hexachlorocyclohexane)  EPA 608, 8081B  EPA 8081B NA 
Aroclor-1016(PCB-1016)  EPA 608, 8082A  EPA 8082A NA 
Aroclor-1221(PCB-1221)  EPA 608, 8082A EPA 8082A NA 
Aroclor-1232(PCB-1232)  EPA 608, 8082A  EPA 8082A NA 
Aroclor-1242(PCB-1242)  EPA 608, 8082A EPA 8082A NA 
Aroclor-1248(PCB-1248)  EPA 608, 8082A  EPA 8082A NA 
Aroclor-1254(PCB-1254)  EPA 608, 8082A EPA 8082A NA 
Aroclor-1260(PCB-1260)  EPA 608, 8082A  EPA 8082A NA 
beta-BHC  (beta-
Hexachlorocyclohexane)  EPA 608, 8081B  EPA 8081B NA 
Chlordane(tech.)  EPA 608, 8081B  EPA 8081B NA 
delta-BHC  EPA 608, 8081B  EPA 8081B NA 
Dieldrin  EPA 608, 8081B  EPA 8081B NA 
Endosulfan I EPA 608, 8081B  EPA 8081B NA 
Endosulfan II EPA 608, 8081B  EPA 8081B NA 
Endosulfan sulfate  EPA 608, 8081B  EPA 8081B NA 
Endrin  EPA 608, 8081B  EPA 8081B NA 
Endrin aldehyde  EPA 608, 8081B  EPA 8081B NA 
gamma-BHC 
(Lindane,gamma-
Hexachlorocyclohexane) EPA 608, 8081B  EPA 8081B NA 
Heptachlor  EPA 608, 8081B  EPA 8081B NA 
Heptachlor epoxide  EPA 608, 8081B  EPA 8081B NA 
Toxaphene (Chlorinated  
camphene)  EPA 608, 8081B  EPA 8081B NA 
alpha-Chlordane  EPA 8081B EPA 8081B NA 
Endrin ketone  EPA 8081B EPA 8081B NA 
gamma-Chlordane  EPA 8081B EPA 8081B NA 
Isodrin  EPA 8081B, 8270D   EPA 8081B, 8270D NA 
Methoxychlor  EPA 8081B EPA 8081B NA 
Mirex  EPA 8081B EPA 8081B NA 
Kepone  EPA 8270D EPA 8270D  NA 
o,o,o-
Triethylphosphorothioate  EPA 8270D EPA 8270D  NA 
Parathion,ethyl  EPA 8270D EPA 8270D  NA 
Phorate  EPA 8270D EPA 8270D  NA 
Sulfotepp  EPA 8270D EPA 8270D  NA 
Thionazin (Zinophos)  EPA 8270D EPA 8270D  NA 
Dalapon EPA 615, 8151A EPA 8151A NA 
3,5-DCBA EPA 615, 8151A EPA 8151A NA 

4-Nitrophenol 
EPA 615, 8151A, 625, 
8270D EPA 8270D, 8151A NA 

Dicamba EPA 615, 8151A EPA 8151A NA 
MCPP EPA 615, 8151A EPA 8151A NA 
MCPA EPA 615, 8151A EPA 8151A NA 
Dichlorprop EPA 615, 8151A EPA 8151A NA 
2,4-D EPA 615, 8151A EPA 8151A NA 

Pentachlorophenol 
EPA 615, 8151A, 625, 
8270D EPA 8151A, 8270D  NA 
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Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

2,4,5-TP (Silvex) EPA 615, 8151A EPA 8151A NA 
Chloramben EPA 615, 8151A EPA 8151A NA 
2,4,5-T EPA 615, 8151A EPA 8151A NA 
2,4-DB EPA 615, 8151A EPA 8151A NA 
Bentazon  EPA 615, 8151A EPA 8151A NA 
Picloram  EPA 615, 8151A EPA 8151A NA 

Dinoseb 
EPA 615, 8151A, 625, 
8270D EPA 8151A, 8270D NA 

Dacthal EPA 615, EPA 8151A EPA 8151A NA 
Acifluorfen EPA 615, EPA 8151A EPA 8151A NA 
2,4-DCAA EPA 615, EPA 8151A EPA 8151A NA 
Total coliforms  SM9222B  NA NA 
Fecal coliforms  SM9222D  NA NA 
Aluminum  EPA 200.7, 6010C  EPA 6010C NA 
Antimony  EPA 200.7, 6010C EPA 6010C NA 
Arsenic  EPA 200.7, 6010C  EPA 6010C NA 
Barium  EPA 200.7, 6010C EPA 6010C NA 
Beryllium  EPA 200.7, 6010C  EPA 6010C NA 
Boron  EPA 200.7, 6010C EPA 6010C NA 
Cadmium  EPA 200.7, 6010C  EPA 6010C NA 
Calcium  EPA 200.7, 6010C EPA 6010C NA 
Chromium  EPA 200.7, 6010C  EPA 6010C NA 
Cobalt  EPA 200.7, 6010C EPA 6010C NA 
Copper  EPA 200.7, 6010C  EPA 6010C NA 
Hardness (calc.)  SM2340B  NA NA 

Iron  
EPA 200.7, 6010C, SM18 
3500-Fe D   EPA 6010C NA 

Lead  EPA 200.7, 6010C  EPA 6010C NA 
Lithium  EPA 200.7, 6010C EPA 6010C NA 
Magnesium  EPA 200.7, 6010C  EPA 6010C NA 
Manganese  EPA 200.7, 6010C EPA 6010C NA 
Molybdenum  EPA 200.7, 6010C  EPA 6010C NA 
Nickel  EPA 200.7, 6010C EPA 6010C NA 
Potassium  EPA 200.7, 6010C  EPA 6010C NA 
Selenium  EPA 200.7, 6010C EPA 6010C NA 
Silver  EPA 200.7, 6010C  EPA 6010C NA 
Sodium  EPA 200.7, 6010C EPA 6010C NA 
Strontium  EPA 200.7, 6010C  EPA 6010C NA 
Thallium  EPA 200.7, 6010C EPA 6010C NA 
Tin  EPA 200.7, 6010C  EPA 6010C NA 
Titanium  EPA 200.7, 6010C EPA 6010C NA 
Vanadium  EPA 200.7, 6010C  EPA 6010C NA 
Zinc  EPA 200.7, 6010C EPA 6010C NA 
Mercury  EPA 245.1, 7470A   EPA 7471B  NA 
Sulfate  ASTM D516-90  NA NA 

Ignitability  EPA 1010A  
EPA 1010A,  EPA 
1030   NA 

Conductivity  EPA 120.1, SM18 2510B  NA NA 
Turbidity  EPA 180.1, SM18 2130B  NA NA 
Orthophosphate  as P  EPA 365.3  NA NA 
Color  SM2120B  NA NA 
Alkalinity  as CaC03 SM2320B  NA NA 
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Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

Hardness  SM2340C  NA NA 
Residue-nonfilterable (TSS) SM2540D  NA NA 
Residue-total  SM2540B  NA NA 
Residue-filterable (TDS) SM2540C  NA NA 

Chromium VI  
SM3500-CrD(18th/19th 
Ed.)/UV-VIS  NA NA 

Chloride  SM4500-Cl-C  NA NA 
Total residual chlorine  SM4500-Cl-G NA NA 

pH  
SM18 4500-H+-B,  EPA 
9040C   EPA 9040C, 9045D NA 

Corrosivity (pH) NA EPA 9040C NA 
Paint Filter Liquids Test NA EPA 9095B NA 
Nitrite  SM4500-NO2  B  NA NA 
Biochemical  oxygen demand  SM5210B  NA NA 
Carbonaceous  BOD(CBOD)  SM5210B  NA NA 
Chemical oxygen demand  SM5220D, EPA 410.4  NA NA 
Total Organic Carbon SM18 5310B, EPA 9060A NA NA 
Total Petroleum 
Hydrocarbons (TPH) FL-PRO  FL-PRO  NA 
Oil & Grease (HEM) EPA 1664A EPA 9071B NA 
Total Petroleum 
Hydrocarbons (TPH) (HEM-
SGT) EPA 1664A NA NA 
Carbon dioxide  RSK-175  NA NA 
Ethane  RSK-175  NA NA 
Ethylene  RSK-175  NA NA 
Methane  RSK-175  NA NA 
2,4,6-Trichlorophenol  EPA 625, 8270D  EPA 8270D NA 
2,4-Dichlorophenol  EPA 625, 8270D  EPA 8270D NA 
2,4-Dimethylphenol  EPA 625, 8270D  EPA 8270D NA 
2,4-Dinitrophenol  EPA 625, 8270D  EPA 8270D NA 
2,4-Dinitrotoluene  (2,4-
DNT)  EPA 625, 8270D  EPA 8270D NA 
2,6-Dinitrotoluene  (2,6-
DNT)  EPA 625, 8270D  EPA 8270D NA 
2-Chloronaphthalene  EPA 625, 8270D  EPA 8270D NA 
2-Chlorophenol  EPA 625, 8270D  EPA 8270D NA 
2-Methyl-4,6-dinitrophenol  EPA 625, 8270D  EPA 8270D NA 
2-Nitrophenol  EPA 625, 8270D  EPA 8270D NA 
3,3'-Dichlorobenzidine  EPA 625, 8270D  EPA 8270D NA 
4-Bromophenyl phenylether  EPA 625, 8270D  EPA 8270D NA 
4-Chloro-3-methylphenol  EPA 625, 8270D  EPA 8270D NA 
4-Chlorophenyl phenylether  EPA 625, 8270D  EPA 8270D NA 

Acenaphthene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Acenaphthylene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Aniline  EPA 625, 8270D  EPA 8270D NA 

Anthracene  
EPA 625 Scan-Sim, 8270D 
Scan-Sim  EPA 8270D Scan-Sim NA 

Benzidine  EPA 625, 8270D  EPA 8270D NA 
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Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

Benzo(a)anthracene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Benzo(a)pyrene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Benzo(b)fluoranthene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Benzo(g,h,i)perylene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Benzo(k)fluoranthene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

bis(2-Chloroethoxy)methane  EPA 625, 8270D  EPA 8270D NA 
bis(2-Chloroethyl) ether  EPA 625, 8270D  EPA 8270D NA 
bis(2-Chloroisopropyl) ether 
(2,2'-Oxybis(1-
chloropropane)  EPA 625, 8270D  EPA 8270D NA 
bis(2-Ethylhexyl)  
phthalate(DEHP)  EPA 625, 8270D  EPA 8270D NA 
Butylbenzylphthalate  EPA 625, 8270D  EPA 8270D NA 

Chrysene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Dibenzo(a,h)anthracene  
EPA 625 Scan-Sim, 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Diethyl phthalate  EPA 625, 8270D  EPA 8270D NA 
Dimethyl phthalate  EPA 625, 8270D  EPA 8270D NA 
Di-n-butyl phthalate  EPA 625, 8270D  EPA 8270D NA 
Di-n-octyl phthalate  EPA 625, 8270D  EPA 8270D NA 

Fluoranthene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Fluorene  
EPA 625 Scan-Sim, 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Hexachlorobenzene  EPA 625, 8270D  EPA 8270D NA 
Hexachlorocyclopentadiene  EPA 625, 8270D  EPA 8270D NA 
Hexachloroethane  EPA 625, 8270D  EPA 8270D NA 

Indeno(1,2,3-cd)pyrene  
EPA 625 Scan-Sim, 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Isophorone  EPA 625, 8270D  EPA 8270D NA 
Nitrobenzene  EPA 625, 8270D  EPA 8270D NA 
n-Nitrosodimethylamine  EPA 625, 8270D  EPA 8270D NA 
n-Nitrosodi-n-propylamine  EPA 625, 8270D  EPA 8270D NA 
n-Nitrosodiphenylamine  EPA 625, 8270D  EPA 8270D NA 

Phenanthrene  
EPA 625 Scan-Sim , 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Phenol  EPA 625, 8270D  EPA 8270D NA 

Pyrene  
EPA 625 Scan-Sim, 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

Pyridine  EPA 625, 8270D  EPA 8270D NA 
1,1-Biphenyl EPA 8270D EPA 8270D  
1,2,4,5-Tetrachlorobenzene  EPA 8270D EPA 8270D NA 
1,2-Diphenylhydrazine  EPA 8270D EPA 8270D NA 
1,3,5-Trinitrobenzene  (1,3,5-
TNB)  EPA 8270D EPA 8270D NA 
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Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

1,3-Dinitrobenzene (1,3-
DNB)  EPA 8270D EPA 8270D NA 
1,4-Naphthoquinone  EPA 8270D EPA 8270D NA 
1,4-Phenylenediamine  EPA 8270D EPA 8270D NA 

1-Methylnaphthalene   
EPA 625 Scan-Sim, 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

1-Naphthylamine  EPA 8270D EPA 8270D NA 
2,3,4,6-Tetrachlorophenol  EPA 8270D EPA 8270D NA 
2,4,5-Trichlorophenol  EPA 8270D EPA 8270D NA 
2,6-Dichlorophenol  EPA 8270D EPA 8270D NA 
2-Acetylaminofluorene  EPA 8270D EPA 8270D NA 

2-Methylnaphthalene   
EPA 625 Scan-Sim, 8270D 
Scan-Sim EPA 8270D Scan-Sim NA 

2-Methylphenol  (o-Cresol)  EPA 8270D EPA 8270D NA 
2-Naphthylamine  EPA 8270D EPA 8270D NA 
2-Nitroaniline  EPA 8270D EPA 8270D NA 
2-Picoline  (2-
Methylpyridine)  EPA 8270D EPA 8270D NA 
3,3'-Dimethylbenzidine  EPA 8270D EPA 8270D NA 
3-Methylcholanthrene  EPA 8270D EPA 8270D NA 
3-Methylphenol  (m-Cresol)  EPA 8270D EPA 8270D NA 
3-Nitroaniline  EPA 8270D EPA 8270D NA 
4-Aminobiphenyl  EPA 8270D EPA 8270D NA 
4-Chloroaniline  EPA 8270D EPA 8270D NA 
4-Dimethyl  
aminoazobenzene  EPA 8270D EPA 8270D NA 
4-Methylphenol  (p-Cresol)  EPA 8270D EPA 8270D NA 
4-Nitroaniline  EPA 8270D EPA 8270D NA 
4-Nitroquinoline-n-oxide EPA 8270D EPA 8270D NA 
5-Nitro-o-toluidine  EPA 8270D EPA 8270D NA 
7,12-
Dimethylbenz(a)anthracene  EPA 8270D EPA 8270D NA 
a-a-Dimethylphenethylamine  EPA 8270D EPA 8270D NA 
Acetophenone  EPA 8270D EPA 8270D NA 
Aramite  EPA 8270D EPA 8270D NA 
Atrazine EPA 8270D EPA 8270D NA 
Benzaldehyde EPA 8270D EPA 8270D NA 
Benzoic acid  EPA 8270D EPA 8270D NA 
Benzyl alcohol  EPA 8270D EPA 8270D NA 
Caprolactam EPA 8270D EPA 8270D NA 
Carbazole  EPA 8270D EPA 8270D NA 
Chlorobenzilate  EPA 8270D EPA 8270D NA 
Cresol, Total EPA 8270D EPA 8270D NA 
Diallate  EPA 8270D EPA 8270D NA 
Dibenzo(a,h)pyrene EPA 8270D EPA 8270D NA 
Dibenzofuran  EPA 8270D EPA 8270D NA 
Dimethoate  EPA 8270D EPA 8270D NA 
Diphenylamine  EPA 8270D EPA 8270D NA 
Disulfoton  EPA 8270D EPA 8270D NA 
DPH (as Azobenzene) EPA 8270D EPA 8270D NA 
Ethyl methanesulfonate  EPA 8270D EPA 8270D NA 
Famphur  EPA 8270D EPA 8270D NA 
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Parameter/Analyte Non-Potable Water Solid Hazardous 
Waste 

Air 

Hexachlorophene  EPA 8270D EPA 8270D NA 
Hexachloropropene  EPA 8270D EPA 8270D NA 
Isosafrole  EPA 8270D EPA 8270D NA 
Methapyrilene  EPA 8270D EPA 8270D NA 
Methyl methane sulfonate  EPA 8270D EPA 8270D NA 
Methyl parathion 
(Parathion,methyl)  EPA 8270D EPA 8270D NA 
Nitroquinoline-1-oxide  EPA 8270D EPA 8270D NA 
n-Nitrosodiethylamine  EPA 8270D EPA 8270D NA 
n-Nitroso-di-n-butylamine  EPA 8270D EPA 8270D NA 
n-Nitrosomethylethylamine  EPA 8270D EPA 8270D NA 
n-Nitrosomorpholine  EPA 8270D EPA 8270D NA 
n-Nitrosopiperidine  EPA 8270D EPA 8270D NA 
n-Nitrosopyrrolidine  EPA 8270D EPA 8270D NA 
o-Toluidine  EPA 8270D EPA 8270D NA 
Pentachlorobenzene  EPA 8270D EPA 8270D NA 
Pentachloroethane EPA 8270D EPA 8270D NA 
Pentachloronitrobenzene  EPA 8270D EPA 8270D NA 
Phenacetin  EPA 8270D EPA 8270D NA 
Pronamide (Kerb)  EPA 8270D EPA 8270D NA 
Safrole  EPA 8270D EPA 8270D NA 
C9-C18 Aliphatic 
Hydrocarbons MAEPH MAEPH NA 
C19-C36 Aliphatic 
Hydrocarbons MAEPH MAEPH NA 
C11-C22 Aromatic 
Hydrocarbons MAEPH MAEPH NA 
C5-C8 Aliphatic 
Hydrocarbons MAVPH MAVPH NA 
C9-C12 Aliphatic 
Hydrocarbons MAVPH MAVPH NA 
C9-C10 Aromatic 
Hydrocarbons MAVPH MAVPH NA 
Toxicity Characteristic 
Leaching Procedure (TCLP) EPA 1311  EPA 1311  NA 
Synthetic Precipitation 
Leaching Procedure (SPLP) EPA 1312  EPA 1312  NA 

 
 

Analytical method Prep Method 
 Soil Water Air Waste 

EPA 8260B EPA 5035 EPA 5030B NA EPA 5035 
EPA 624 NA EPA 5030B NA NA 
EPA 625 NA EPA 3510C NA NA 
EPA 8270D EPA 3545A EPA 3510C NA EPA 3580A 
EPA 200.7 NA EPA 200.7 NA NA 
EPA 6010C EPA 3050B EPA 3005A NA EPA 3050B 
EPA 608 NA EPA 3510C NA NA 
EPA 8081B EPA 3545A EPA 3510C NA EPA 3580A 

EPA 8082A 
EPA 3545A, 
EPA 3540C EPA 3510C NA 

EPA 3580A 

EPA 615 NA EPA 615 NA NA 



P (A2LA Cert. No. 3000.02) Revised 05/09/2012  Page 10 of 10 
  

Analytical method Prep Method 
EPA 8151A EPA 8151A EPA 8151A NA EPA 8151A 
MA VPH, May 2004 Revision 1.1 EPA 5035 EPA 5030B NA NA 
MA EPH, May 2004 Revision 1.1 EPA 3545A EPA 3510C NA NA 
FLPRO EPA 3545A EPA 3510C NA NA 
8015C – GRO  EPA 5035 EPA 5030B NA NA 
8015C – DRO  EPA 3545A EPA 3510C NA NA 
TO14A NA NA TO14A NA 
TO15 NA NA TO15 NA 
SPLP EPA 1312 EPA 1312 NA EPA 1312 
TCLP EPA 1311 EPA 1311 NA EPA 1311 

 
 
 



v I I I 

S` 0-1  1  
".• 

 
The American Association for Laboratory Accreditation 

 

1 111110'' 

  

World Class Accreditation 

 

Accredited DoD FLAP Laboratory 

 
 
 
 
 
 
 
 
 
 
 
 
 

A2LA has accredited 

ENVIRONMENTAL CONSERVATION  
LABORATORIES - JACKSONVILLE 

Jacksonville, FL   
for technical competence in the field of 

 Environmental Testing 
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ISO/IEC 17025:2005, the 2003 NELAC Chapter 5 Standard, and the requirements of the Department of Defense Environmental Laboratory  

Accreditation Program (DoD ELAP) as detailed in the DoD Quality Systems Manual for Environmental Laboratories (QSM v4.1); accreditation is  
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SCOPE OF ACCREDITATION TO ISO/IEC 17025:2005 
 
 

ENVIRONMENTAL CONSERVATION LABORATORIES – ORLANDO 
10775 Central Port Drive 

Orlando, FL 32824 
Russell Macomber    Phone:  407 826 5314 

rmacomber@encolabs.com 
 

ENVIRONMENTAL 
 
 

Valid To:  March 31, 2014         Certificate Number:  3000.01 
 

In recognition of the successful completion of the A2LA evaluation process, (including an assessment of the laboratory's 
compliance with ISO IEC 17025:2005, the 2003 NELAC Chapter 5 Standard, and the requirements of the DoD 
Environmental Laboratory Accreditation Program (DoD ELAP) as detailed in version 4.2 of the DoD Quality Systems 
Manual for Environmental Laboratories) accreditation is granted to this laboratory to perform recognized EPA methods 
using the following testing technologies and in the analyte categories identified below: 

 
Testing Technologies 

 
Analyte / Parameter Non-Potable Water Solid Hazardous Waste 
Metals EPA 6020A/200.8  EPA 6020A 
Aluminum EPA 6020A/200.8  EPA 6020A 
Antimony EPA 6020A/200.8 EPA 6020A 
Arsenic  EPA 6020A/200.8 EPA 6020A 
Barium  EPA 6020A/200.8 EPA 6020A 
Beryllium  EPA 6020A/200.8  EPA 6020A 
Cadmium  EPA 6020A/200.8  EPA 6020A 
Calcium  EPA 6020A/200.8  EPA 6020A 
Chromium EPA 6020A/200.8  EPA 6020A 
Cobalt  EPA 6020A/200.8 EPA 6020A 
Copper  EPA 6020A/200.8 EPA 6020A 
Hardness   SM 2340 B  ----------------------------------- 
Iron  EPA 6020A/200.8 EPA 6020A 
Lead  EPA 6020A/200.8 EPA 6020A 
Magnesium  EPA 6020A/200.8 EPA 6020A 
Manganese  EPA 6020A/200.8 EPA 6020A 
Mercury  EPA 245.1/7470A EPA 7471B 
Molybdenum  EPA 6020A/200.8 EPA 6020A 
Nickel  EPA 6020A/200.8 EPA 6020A 
Potassium  EPA 6020A/200.8 EPA 6020A 
Selenium  EPA 6020A/200.8 EPA 6020A 
Silver  EPA 6020A/200.8 EPA 6020A 
Sodium  EPA 6020A/200.8 EPA 6020A 
Thallium  EPA 6020A/200.8 EPA 6020A 
Tin  EPA 6020A/200.8 EPA 6020A 
Titanium  EPA 6020A/200.8 EPA 6020A 
Vanadium  EPA 6020A/200.8 EPA 6020A 
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Analyte / Parameter Non-Potable Water Solid Hazardous Waste 
Metals EPA 6020A/200.8  EPA 6020A 
Zinc  EPA 6020A/200.8  EPA 6020A 
   
Microbiology   
Total Coliforms SM 9222B   ----------------------------------- 
Fecal Coliforms SM 9222D  ----------------------------------- 
   
General Chemistry   
Acidity, as CaC03  EPA 305.1/SM 2310 B (4A)   ----------------------------------- 
Alkalinity as CaC03 EPA 310.1/SM 2320 B  EPA 310.1/SM 2320 B  
Alkalinity as CaC03 EPA 310.2 EPA 310.2 
Biochemical oxygen demand  EPA 405.1/SM 5210 B   ----------------------------------- 
Bromide  EPA 300.0/9056A EPA 9056A 
Carbonaceous BOD (CBOD) SM 5210 B   ----------------------------------- 
Chemical oxygen demand EPA 410.4   ----------------------------------- 
Chloride EPA 300.0/9056A EPA 9056A 
Chromium VI  EPA 7196/ SM 3500-Cr D EPA 7196 
Conductivity  EPA 120.1   ----------------------------------- 
Cyanide  EPA 335.2/SM 4500-CN E  EPA 9014 
Cyanide, Reactive ----------------------------------- SW-846 7.3.3 
Ferric iron (calculated)  SM 3500-Fe D  ----------------------------------- 
Ferrous iron SM 3500-Fe D  ----------------------------------- 
Fluoride  EPA 300.0/9056A EPA 9056A 
Hardness EPA 130.2/SM 2340 C  ----------------------------------- 
Kjeldahl nitrogen -total  EPA 351.2  EPA351.2 
Nitrate as N  EPA 300.0/353.1/9056A EPA 353.1/9056A 
Nitrate-nitrite  EPA 300.0/353.1/9056A EPA 353.1/9056A 
Nitrite as N  EPA 300.0/354.1/9056A/SM 4500-NO2 B EPA 9056A/ SM 4500-NO2 B 
Organic nitrogen  EPA 351.2/350.1 EPA 351.2/350.1 
Orthophosphate as P  EPA 365.1   ----------------------------------- 
Orthophosphate as P  EPA 365.3  ----------------------------------- 
pH EPA 150.1/9040C/SM 4500-H+-B  EPA 9045D 
Phosphorus, total  EPA 365.4  EPA 365.4 
Residue-filterable (TDS)  SM 2540 C   ----------------------------------- 
Residue-nonfilterable (TSS)  SM 2540 D   ----------------------------------- 
Residue-total  SM 2540 B/SM 2540 G/EPA 160.3  SM 2540G/EPA 160.3 
Residue-volatile  EPA 160.4  EPA 160.4 
Sulfate  EPA 300.0/9056A EPA 9056A 
Sulfide  EPA 376.1/SM 4500-S E  EPA 9030B/9034 
Sulfide, Reactive ----------------------------------- SW-846 7.3.4 
Surfactants -MBAS  SM 5540 C   ----------------------------------- 
Total nitrate-nitrite  EPA 9056 A/SM 4500-N03 H EPA 9056 A/SM 4500-N03 H 
Total cyanide  EPA 9014  EPA 9014 
Total nitrogen  TKN + Total nitrate-nitrite  TKN + Total nitrate-nitrite 
Total Organic Carbon  EPA 9060A/SM 5310B  TOC Walkley Black 
Total phenolics  EPA 420.1  EPA 420.1 
Total, fixed, and volatile residue  SM 2540 G  SM 2540 G  
Turbidity  EPA 180.1   ----------------------------------- 
Un-ionized ammonia  DEP SOP 10/03/83  DEP SOP 10/03/83 
   
Extractable Organics   
1,2,4-Trichlorobenzene  EPA 8270D/625  EPA 8270D 
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Analyte / Parameter Non-Potable Water Solid Hazardous Waste 
Extractable Organics   
1,2,4,5-Tetrachlorobenzene  EPA 8270D/625  EPA 8270D 
1,2-Dichlorobenzene  EPA 8270D/625 EPA 8270D 
1,2-Diphenylhydrazine EPA 8270D/625 EPA 8270D 
1,3-Dichlorobenzene  EPA 8270D/625 EPA 8270D  
1,4-Dichlorobenzene  EPA 8270D/625 EPA 8270D  
1- Methylnaphthalene EPA 8270D/625/ Scan-Sim EPA 8270D/ Scan-Sim 
2,3,4,6-Tetrachlorophenol  EPA 8270D/625 EPA 8270D  
2,4,5-Trichlorophenol  EPA 8270D/625 EPA 8270D  
2,4,6-Trichlorophenol  EPA 8270D/625 EPA 8270D  
2,4-Dichlorophenol  EPA 8270D/625 EPA 8270D  
2,4-Dimethylphenol  EPA 8270D/625 EPA 8270D  
2,4-Dinitrophenol  EPA 8270D/625 EPA 8270D  
2,4-Dinitrotoluene (2,4-DNT)  EPA 8270D/625/ Scan-Sim EPA 8270D  
2,6-Dichlorophenon EPA 8270D/625 EPA 8270D 
2,6-Dinitrotoluene (2,6-DNT)  EPA 8270D/625 EPA 8270D  
2-Chloronaphthalene  EPA 8270D/625 EPA 8270D  
2-Chlorophenol  EPA 8270D/625 EPA 8270D  
2·Methyl-4,6-dinitrophenol  EPA 8270D/625 EPA 8270D  
2-Methylnaphthalene  EPA 8270D/625 Scan-Sim EPA 8270D Scan-Sim 
2-Methylphenol (o-Cresol)  EPA 8270D/625 EPA 8270D  
2-Nitroaniline  EPA 8270D/625 EPA 8270D  
2-Nitrophenol  EPA 8270D/625 EPA 8270D  
3,3'-Dichlorobenzidine  EPA 8270D/625 EPA 8270D  
3/4-Methylphenols (m/p-Cresols)  EPA 8270D/625 EPA 8270D  
3-Nitroaniline  EPA 8270D/625 EPA 8270D  
4-Bromophenyl phenyl ether  EPA 8270D/625  EPA 8270D  
4-Chloro-3-methylphenol  EPA 8270D/625  EPA 8270D  
4-Chloroaniline  EPA 8270D/625  EPA 8270D  
4-Chlorophenyl phenyl ether  EPA 8270D/625  EPA 8270D  
4-Nitrophenol  EPA 8270D/625  EPA 8270D  
Acenaphthene  EPA 8270D/625 Scan-Sim EPA 8270D Scan-Sim 
Acenaphthylene  EPA 8270D/625 Scan-Sim EPA 8270D Scan-Sim 
4-Melhylphenol (p-Cresol)  EPA 8270D/625  EPA 8270D  
4-Nitroaniline  EPA 8270D/625  EPA 8270D  
Acetophenone  EPA 8270D/625  EPA 8270D  
Anthracene EPA 8270D/625/ Scan-Sim EPA 8270D  
Atrazine  EPA 8270D/625  EPA 8270D  
Benzaldehyde  EPA 8270D/625  EPA 8270D  
Benzidine  EPA 8270D/625/ Scan-Sim EPA 8270D  
Benzo(a)anthracene  EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim 
Benzo(a)pyrene  EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim 
Benzo(b)fluoranthene  EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim 
Benzo(g,h,i)perylene  EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim 
Benzo(k)fluoranthene  EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim 
Benzyl alcohol EPA 8270D/625 EPA 8270D 
1,1-Biphenyl  EPA 8270D/625  EPA 8270D  
bis(2-Chloroethoxy) methane  EPA 8270D/625  EPA 8270D  
bis(2-Chloroethyl) ether EPA 8270D/625 EPA 8270D 
bis(2-Chloroisopropyl) ether  
(2,2'-Oxybis(1-chloropropane))  EPA 8270D/625  EPA 8270D  
bis(2-Ethylhexyl) phthalate (DEHP)  EPA 8270D/625  EPA 8270D  
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Analyte / Parameter Non-Potable Water Solid Hazardous Waste 
Extractable Organics   
Butyl benzyl phthalate  EPA 8270D/625  EPA 8270D  
Caprolactam EPA 8270D/625 EPA 8270D  
Carbazole  EPA 8270D/625 EPA 8270D  
Chrysene EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim  
Dibenz(a,h)anthracene  EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim  
Dibenzofuran  EPA 8270D/625 EPA 8270D  
Diethyl phthalate EPA 8270D/625 EPA 8270D 
Dimethyl phthalate  EPA 8270D/625/ Scan-Sim EPA 8270D  
Di-n-butyl phthalate  EPA 8270D/625 EPA 8270D  
Di-n-octyl phthalate  EPA 8270D/625 EPA 8270D  
Fluoranthene EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim 
Fluorene  EPA 8270D/625 Scan-Sim EPA 8270D Scan-Sim 
Hexachlorobenzene  EPA 8270D/625/ Scan-Sim EPA 8270D  
Hexachlorobutadiene  EPA 8270D/625/ Scan-Sim EPA 8270D  
Hexachlorocyclopentadiene  EPA 8270D/625 EPA 8270D  
Hexachloroethane  EPA 8270D/625 EPA 8270D  
Indeno(1,2,3-cd)pyrene  EPA 8270D/625/ Scan-Sim EPA 8270D Scan-Sim 
Isodrin  EPA 8270D/625 EPA 8270D  
Isophorone  EPA 8270D/625 EPA 8270D  
Naphthalene  EPA 8270D/625 Scan-Sim EPA 8270D Scan-Sim 
Nitrobenzene  EPA 8270D/625 EPA 8270D  
n-Nitrosodimethylamine EPA 8270D/625 EPA 8270D 
n-Nitrosodi-n-propylamine  EPA 8270D/625 EPA 8270D  
n-Nitrosodiphenylamine  EPA 8270D/625 EPA 8270D  
n-Nitrosopyrrolidine EPA 8270D/625 EPA 8270D 
Pentachlorophenol  EPA 8270D/625/ Scan-Sim EPA 8270D  
Phenanthrene EPA 8270D/625 Scan-Sim EPA 8270D Scan-Sim 
Phenol  EPA 8270D/625 EPA 8270D  
Pyrene EPA 8270D/625 Scan-Sim EPA 8270D Scan-Sim 
Pyridine EPA 8270D/625 EPA 8270D 
Total Petroleum Hydrocarbons (TPH)  FL·PRO  FL·PRO 
   
Volatile Organics   
1,1,1,2-Tetrachloroethane  EPA 8260B/624  EPA 8260B 
1,1,1-Trichloroethane  EPA 8260B/624  EPA 8260B 
1,1,2,2-Tetrachloroethane  EPA 8260B/624 EPA 8260B 
1,1,2-Trichloro-1,2,2-trifluoroethane  EPA 8260B/624 EPA 8260B 
1,1,2-Trichloroethane  EPA 8260B/624 EPA 8260B 
1,1-Dichloroethane  EPA 8260B/624 EPA 8260B 
1,1-Dichloroethene  EPA 8260B/624 EPA 8260B 
1,1-Dichloropropene  EPA 8260B/624 EPA 8260B 
1,2,3-Trichlorobenzene  8260B/624 EPA 8260B 
1,2,3-Trichloropropane  EPA 8260B/624 EPA 8260B 
1,2,4-Trichlorobenzene  EPA 8260B/624 EPA 8260B 
1,2,4-Trimethylbenzene  EPA 8260B/624 EPA 8260B 
1,2-Dibromo-3-chloropropane 
(DBCP)  EPA 504/8011/8260B EPA 8260B 
1,2-Dibromoethane (EDB, Ethylene 
dibromide)  EPA 504/8011/8260B EPA 8260B 
1,2-Dichlorobenzene  EPA 8260B/624  EPA 8260B 
1,2-Dichloroethane  EPA 8260B/624  EPA 8260B 
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Analyte / Parameter Non-Potable Water Solid Hazardous Waste 
Volatile Organics   
1,2-Dichloropropane  EPA 8260B/624 EPA 8260B 
1,3,5-Trimethylbenzene  EPA 8260B/624 EPA 8260B  
1,3-Dichlorobenzene  EPA 8260B/624 EPA 8260B  
1,3-Dichloropropane  EPA 8260B/624 EPA 8260B  
1,4-Dichlorobenzene  EPA 8260B/624 EPA 8260B  
1,4-Dioxane (1,4-Diethylencoxide)  EPA 8260B/8260C SIM/624 EPA 8260B/8260C SIM 
2,2-Dichloropropane  EPA 8260B/624 EPA 8260B  
2-Butanone (Methyl ethyl ketone, 
MEK)  EPA 8260B/624 EPA 8260B  
2-Chloroethyl vinyl ether  EPA 8260B/624 EPA 8260B  
2-Chlorotoluene  EPA 8260B/624 EPA 8260B  
2-Hexanone  EPA 8260B/624 EPA 8260B  
4-Chlorotoluene  EPA 8260B/624  EPA 8260B  
4-Methyl-2-pentanone (MIBK)  EPA 8260B/624  EPA 8260B  
Acetone  EPA 8260B/624  EPA 8260B  
Acetonitrile  EPA 8260B/624  EPA 8260B  
Acrolein (Propenal)  EPA 8260B/624  EPA 8260B  
Acrylonitrile  EPA 8260B/624  EPA 8260B  
Allyl chloride (3-Chloropropene) EPA 8260B/624 EPA 8260B  
Benzene  EPA 8260B/624  EPA 8260B  
Bromobenzene  EPA 8260B/624  EPA 8260B  
Bromochloromethane  EPA 8260B/624  EPA 8260B  
Bromodichloromethane  EPA 8260B/624  EPA 8260B  
Bromoform  EPA 8260B/624  EPA 8260B  
Carbon tetrachloride  EPA 8260B/624 EPA 8260B  
Carbon disulfide EPA 8260B/624 EPA 8260B 
Chlorobenzene  EPA 8260B/624 EPA 8260B  
Chloroethane EPA 8260B/624 EPA 8260B  
Chloroform  EPA 8260B/624 EPA 8260B  
Chloroprene EPA 8260B/624 EPA 8260B  
cis-1,2-Dichloroethene  EPA 8260B/624 EPA 8260B  
cis-1,3-Dichloropropene  EPA 8260B/624 EPA 8260B  
Cyclohexane  EPA 8260B/624 EPA 8260B  
Dibromochloromethane  EPA 8260B/624 EPA 8260B  
Dibromomethane  EPA 8260B/624 EPA 8260B  
Dichlorodifluoromethane  EPA 8260B/624 EPA 8260B  
Ethyl methacrylate  EPA 8260B/624 EPA 8260B  
Hexachlorobutadiene  EPA 8260B/624 EPA 8260B  
Ethylbenzene EPA 8260B/624 EPA 8260B  
Iodomethane (Methyl iodide)  EPA 8260B/624 EPA 8260B  
Isobutyl alcohol (2-Methyl-l-
propanol)  EPA 8260B/624 EPA 8260B  
Isopropylbenzene  EPA 8260B/624 EPA 8260B  
m+p-Xylenes  EPA 8260B/624 EPA 8260B  
Methacrylonitrile  EPA 8260B/624 EPA 8260B  
Methyl acetate  EPA 8260B/624 EPA 8260B  
Methyl bromide (Bromomethane)  EPA 8260B/624 EPA 8260B  
Methyl chloride (Chloromethane)  EPA 8260B/624 EPA 8260B  
Methyl methacrylate  EPA 8260B/624 EPA 8260B  
Methyl tert-butyl ether (MTBE)  EPA 8260B/624 EPA 8260B  
Methylcyclohexane  EPA 8260B/624 EPA 8260B  
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Analyte / Parameter Non-Potable Water Solid Hazardous Waste 
Volatile Organics   
Methylene chloride  EPA 8260B/624 EPA 8260B  
Naphthalene  EPA 8260B/624 EPA 8260B  
n-Butylbenzene  EPA 8260B/624 EPA 8260B  
n-Propylbenzene  EPA 8260B/624 EPA 8260B  
o-Xylene  EPA 8260B/624 EPA 8260B  
Pentachloroethane EPA 8260B/624 EPA 8260B  
p-Isopropyltoluene  EPA 8260B/624 EPA 8260B  
Propionitrile (Ethyl cyanide)  EPA 8260B/624 EPA 8260B  
sec-Butylbenzene  EPA 8260B/624 EPA 8260B  
Styrene  EPA 8260B/624 EPA 8260B  
tert-Butylbenzene  EPA 8260B/624 EPA 8260B  
Tetrachloroethene 
(Perchloroethylene)  EPA 8260B/624 EPA 8260B  
Toluene  EPA 8260B/624 EPA 8260B  
trans-1,2-Dichloroethene  EPA 8260B/624 EPA 8260B  
trans-1,3-Dichloropropene  EPA 8260B/624 EPA 8260B  
trans-1,4-Dichloro-2-butene  EPA 8260B/624 EPA 8260B  
Trichloroethene (Trichloroethylene)  EPA 8260B/624 EPA 8260B  
Trichlorofluoromethane  EPA 8260B/624 EPA 8260B  
Vinyl acetate  EPA 8260B/624 EPA 8260B  
Vinyl chloride  EPA 8260B/624 EPA 8260B  
Xylene (total)  EPA 8260B/624 EPA 8260B  
   
Pesticides-Herbicides-PCBs   
2,4,5-T  EPA 8151A /615 EPA 8151A  
2,4-D  EPA 8151A /615 EPA 8151A  
2,4-DB  EPA 8151A /615 EPA 8151A  
3,5-Dichlorobenzoic acid  EPA 8151A /615 EPA 8151A  
4.4'-DDD  EPA 8081B/608 EPA 8081B 
4.4'-DDE  EPA 8081B/608 EPA 8081B 
4,4'·DDT  EPA 8081B/608 EPA 8081B 
4-Nitrophenol  EPA 8151A/615 EPA 8151A  
Acifluorfen  EPA 8151A/615  EPA 8151A  
Aldrin  EPA 8081B/608  EPA 8081B 
alpha-BHC (alpha-
Hexachlorocyclohexane)  EPA 8081B/608  EPA 8081B 
alpha-Chlordane  EPA 8081B/608 EPA 8081B 
Aroclor-1016(PCB-1016) EPA 8082A/608 EPA 8082A 
Aroclor-1221 (PCB-1221)  EPA 8082A/608 EPA 8082A 
Aroclor-1232 (PCB-1232) EPA 8082A/608 EPA 8082A 
Aroclor-1242 (PCB-1242) EPA 8082A/608 EPA 8082A 
Aroclor-1248 (PCB-1248)  EPA 8082A/608 EPA 8082A 
Aroclor-1254 (PCB-1254) EPA 8082A/608 EPA 8082A 
Aroclor-1260 (PCB-1260)  EPA 8082A/608 EPA 8082A 
Aroclor-1262 (PCB-1262) EPA 8082A/608 EPA 8082A 
Aroclor-1268 (PCB-1268) EPA 8082A/608 EPA 8082A 
Azinphos-methyl (Guthion)  EPA 8141B  EPA 8141B 
Bentazon  EPA 8151A/615 EPA 8151A  
beta-BHC (beta-
Hexachlorocyclohexane)  EPA 8081B/608 EPA 8081B 
Bolstar (Sulprofos)  EPA 8141B  EPA 8141B 
Chloramben EPA 8151A/615 EPA 8151A  
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Analyte / Parameter Non-Potable Water Solid Hazardous Waste 
Pesticides-Herbicides-PCBs   
Chlordane (tech.)  EPA 8081B/608 EPA 8081B 
Chlorpynfos EPA 8141B EPA 8141B 
Coumaphos  EPA 8141B  EPA 8141B 
Dacthal (DCPA) EPA 8151A/615 EPA 8151A  
Dalapon  EPA 8151A/615 EPA 8151A  
delta-BHC  EPA 8081B/608 EPA 8081B 
Demeton, Total EPA 8141B  EPA 8141B 
Diazinon  EPA 8141B EPA 8141B 
Dicamba  EPA 8151A/615 EPA 8151A  
Dichlorofenthion  EPA 8141B EPA 8141B 
Dichloroprop (Dichlorprop)  EPA 8151A/615 EPA 8151A  
Dlchlorovos (DDVP, Dichtorvos)  EPA 8141B EPA 8141B 
Dieldrin  EPA 8081B/608 EPA 8081B 
Dimethoate  EPA 8141B  EPA 8141B 
Dinoseb (2-sec-buty1-4 ,6-
dinilrophenol, DNB P)  EPA 8151A/615 EPA 8151A  
Disulfoton  EPA 8141B EPA 8141B 
Endosulfan I  EPA 8081B/608 EPA 8081B 
Endosulfan II  EPA 8081B/608 EPA 8081B 
Endosulfan sulfate  EPA 8081B/608 EPA 8081B 
Endrin  EPA 8081B/608 EPA 8081B 
Endrin aldehyde  EPA 8081B/608 EPA 8081B 
Endrin ketone  EPA 8081B/608 EPA 8081B 
EPN EPA 8141B EPA 8141B 
Ethion EPA 8141B EPA 8141B 
Ethoprop  EPA 8141B EPA 8141B 
fensulfothion  EPA 8141B EPA 8141B 
fenthion EPA 8141B EPA 8141B 
gamma-BHC (Lindane, gamma-
Hexachlorocyclohexane)  EPA 8081B/608 EPA 8081B 
gamma-Chlordane  EPA 8081B/608 EPA 8081B 
Heptachlor  EPA 8081B/608 EPA 8081B 
Heptachlor epoxide  EPA 8081B/608 EPA 8081B 
Isodrin  EPA 8081B/608 EPA 8081B 
Malathion  EPA 8141B  EPA 8141B 
MCPA  EPA 8151A/615 EPA 8151A  
MCPP EPA 8151A/615 EPA 8151A 
Merphos  EPA 8141B EPA 8141B 
Methoxychlor  EPA 8081B/608 EPA 8081B 
Methyl parathion (Parathion. methyl)  EPA 8141B EPA 8141B 
Mevinphos  EPA 8141B EPA 8141B 
Mirex  EPA 8081B/608 EPA 8081B 
Monocrotophos  EPA 8141B EPA 8141B 
Naled  EPA 8141B EPA 8141B 
Parathion, ethyl  EPA 8141B EPA 8141B 
Pentachlorophenol EPA 8151A/615 EPA 8151A  
Phorate EPA 8141B EPA 8141B 
Picloram EPA 8151A/615 EPA 8151A  
Ronnel  EPA 8141B EPA 8141B 
Silvex (2A.5-TP)  EPA 8151B/615  EPA 8151B 
Stirofos  EPA 8141B EPA 8141B 
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Analyte / Parameter Non-Potable Water Solid Hazardous Waste 
Pesticides-Herbicides-PCBs   
Sulfotepp  EPA 8141B EPA 8141B 
Tetraethyl pyrophosphate (TEPP)  EPA 8141B EPA 8141B 
Tokuthion (Prothiophos)  EPA 8141B  EPA 8141B 
Toxaphene (Chlorinated camphene)  EPA 8081B/608 EPA 8081B 
Trichloronate  EPA 8141B EPA 8141B 

 
 

Preparation Methods 
 
Fraction Analytical Method Preparation Method 
Cyanide EPA 9014 EPA 335.2 /SM 4500-CN E EPA 9010C 
TX EPA 9056A EPA 5050 
Metal water prep EPA 6020A/200.8 EPA 3005A 
Metals soil prep EPA 6020A EPA 3050B 
Metals TCLP prep EPA 6020A/200.8 EPA 3010A 
Extractable organics and Pesticides 
water prep 

EPA 8270D/625/8081B/8082A/ 608/ 
8141B EPA 3510C 

 Extractable organics and Pesticides 
waste prep 

EPA 8270D/625/8081B/8082A/ 608/ 
8141B EPA 3580A 

Extractable organics and Pesticides 
soil prep 

EPA 8270D/625/8081B/8082A/ 608/ 
8141B EPA 3550C 

Organics water and mid-level soil 
prep EPA 8260B/624 EPA 5030B 
Organics low-level soil prep EPA 8260B/624 EPA 5035 
Soil/water leachate Wets ENCO WETS-88 
SPLP Wets, Organics, and Metals EPA 1312 
TCLP Wets, Organics, and Metals EPA 1311 
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Accredited DoD FLAP Laboratory 

 
 
 
 
 
 
 
 
 
 
 
 
 

A2LA has accredited 

ENVIRONMENTAL CONSERVATION  
LABORATORIES - ORLANDO 

Orlando, FL   
for technical competence in the field of 

 Environmental Testing 
  

In recognition of the successful completion of the A2LA evaluation process that includes an assessment of the laboratory’s compliance with 
ISO/IEC 17025:2005, the 2003 NELAC Chapter 5 Standard, and the requirements of the Department of Defense Environmental Laboratory 

Accreditation Program (DoD ELAP) as detailed in version 4.2 of the DoD Quality System Manual for Environmental Laboratories (QSM); accreditation 
is granted to this laboratory to perform recognized EPA methods as defined on the associated A2LA Environmental Scope of Accreditation. 
This accreditation demonstrates technical competence for this defined scope and the operation of a laboratory quality management system 

(refer to joint ISO-ILAC-IAF Communiqué dated 8 January 2009). 
 

  Presented this 29th day of May 2012. 
 
 

 _______________________ 
  President & CEO 
  For the Accreditation Council 
  Certificate Number 3000.01 
  Valid to March 31, 2014 
 

       For the tests or types of tests to which this accreditation applies, please refer to the laboratory’s Environmental Scope of Accreditation.
 



 

 

Responses to Comments 



 
 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION III 
1650 Arch Street 

Philadelphia, Pennsylvania 19103-2029 

 

 

 

October 10, 2012 

 

 

 

Mr. Scott Park 

NAVFAC MIDLANT, Building N-26, Room 3208 

Attention: Code OPHE3, Mr. Scott Park 

9742 Maryland Avenue 

Norfolk, VA 23511-3095 
 

Subject:  Draft Tier II Sampling and Analysis Plan, AOC 8 – Area South of Site 7 Remedial 

Investigation, Naval Weapons Station Yorktown Cheatham Annex, Williamsburg, 

Virginia, July 2012 

 

Mr. Park: 

 

Thank you for the opportunity to review the subject document.  EPA would like to provide the 

following comments at this time.  

 

1. Please make similar changes to the report regarding comparison of on-site concentrations 

to maximum background concentrations (when the 95th percent UTL is exceeded) as was 

agreed to for recent SAPs such as Site 4. 

  

2. PAGE 22 - The third bullet should be clarified to indicate that 95th percent UCL 

groundwater concentrations from wells located in the most contaminated portion of the 

groundwater plume will be used to estimate potential risks. 
 

3. The laboratory performing the analyses should be required to report Tentatively 

Identified Compounds (TICs). TIC reporting will allow for a more complete and 

comprehensive characterization of contamination at AOC8. 

 

4. The submitted laboratory accreditation expired on March 31, 2012.  

 

5. Because the data collected from the proposed soil and groundwater samples will be used 

in the remedial investigation and the variability that can occur between samples of these 

media, limiting the analyses to PAHs, PCBs, and inorganics in soil and VOCs and metals 

in groundwater is not supported.  The analyses of the proposed samples need to include 

the original list of contaminants used in the former SI process. 

 



 

6. The text indicates there is “…a slope where debris outcrops….”  The text and figures 

need to identify the location of this slope and the debris outcrop.  This will assist in 

determining if surface sediment, subsurface sediment, pore water, and/or surface water 

samples from the York River are needed for this remedial investigation (RI).  This will 

also assist in identifying this as a potential migration pathway (Section 2.2.5) or 

quantifying the assumption (Section 2.3.3) that there is no buried debris outside the berm.  

The location of the debris outcrops can also be used to ensure the previous and proposed 

sampling locations include this area as a potential source of contamination. 

 

7. Section 2.2.6 on page 20 states that potential ecological receptors exposed to surface soil 

at AOC 8 include lower trophic level terrestrial receptors (plants and soil invertebrates).  

The section further states that due to the small area of the site that contains debris (source 

areas), exposures to upper trophic level receptors (such as birds and mammals) are not 

considered significant.  This approach is not acceptable to BTAG.  Section 2.2.1 on page 

18 states that the site is 1.5 acres, which is within the home range for small mammals and 

some birds.  Therefore, food chain risk should be evaluated for receptors with small home 

ranges (e.g., short-tailed shrew [Blarina brevicauda] shrew and American robin [Turdus 

migratorius]) to more fully assess this exposure pathway. 

 

8. Section 2.3.1 on page 21 states that while AOC 8 is located adjacent to the York River, 

no surface water or sediment sampling is recommended because the location and the 

height of the berm prevents the transport of site-related contaminants into the York River.  

In addition, the only potential risk identified in the groundwater sample collected closest 

to the York River, during the Site Inspection, was arsenic, which may not be 

representative of current arsenic concentrations because the groundwater samples were 

not collected from permanent monitoring wells.  Because permanent monitoring wells are 

proposed for this investigation, the decision on whether to collect surface water and 

sediment from the York River should be based on the results of samples from these wells.  

As part of the RI, the discharge areas for groundwater should be identified so any future 

sampling could be properly located. 

 

9. In the Ecological Decision Logic portion of Section 2.3.2, bullet one, the phrase “…(HQ) 

exceeds 1…” needs to change to “…(HQ) equals or exceeds 1….”  Also, the initial and 

final COPCs for plants and invertebrates need to be based on maximum concentrations, 

not mean values. 

 

10. Section 2.3.2 on page 21 states that if analytes are undetected or if any detected analytes 

are below the Project Action Limits (PALs), then it will be assumed that the nature and 

concentrations of these constituents do not pose an unacceptable risk, and no further 

action will be necessary.  If analytes are detected above the project-specific PALs then a 

quantitative human health and ecological risk assessment will be conducted.  Section 

2.3.4 on page 26 states that the PALs are residential soil levels for human health and 

ecological screening levels for plants and soil invertebrates.  All detected chemicals must 

be evaluated in the ERA to assess impacts to ecological receptors.  The comparison to 

PALs does not consider the potential for food chain risk. 



 

 

11. Section 2.3.2 on page 23 states that mean groundwater concentrations will be compared 

with surface water screening values.  For the initial evaluation, maximum concentrations 

must be compared with surface water screening values (representing future potential 

risk).  The contaminant concentrations in the wells closest to the groundwater discharge 

point should also be evaluated to assess the potential for risk and the need to further 

evaluate the groundwater / surface water pathway. 

 

12. The first bullet on page 23 indicates that if COPC concentrations exceed the background 

95 percent UTL, further evaluation will be needed.  In the screening level ecological risk 

assessment, comparing site data to the background 95 percent UCL is appropriate, not the 

UTL or maximum base background concentrations.  (It warrants reiterating that in the 

risk assessment, the potential for risk cannot be eliminated due to background 

concentrations.) 

 

13. Section 2.3.3 states that it is unlikely that buried debris exists below the groundwater 

table, which is estimated to be less than 30 feet bgs.  Information should be provided to 

support this statement, otherwise it should be removed. 

 

14. Section 2.3.3 on page 24 states that 10 surface soil samples (0 to 6 inches) will be 

collected from AOC 8 (Figure 7) and analyzed for polycyclic aromatic hydrocarbons, 

polychlorinated biphenyls (PCBs), and inorganic constituents to supplement the existing 

surface soil data.  Subsurface soil samples will be collected in the same locations.  

Information should be provided to justify the locations of proposed soil samples (fill 

spatial data gaps, migration pathways).  The information provided in Table 2-6 is not 

specific enough to determine why some samples are being collected.  It is unclear why 

three soil samples will be collected north of the study area. 

 

15. Section 2.3.3 on page 24 states that the analytical results collected as part of the 2008 Site 

Inspection indicated that there were no semi-volatile organic chemicals, pesticides, or 

PCBs detected in groundwater; therefore, no additional sampling is required for these 

contaminant groups.  Because this data is nearly five years old, it is unclear that this 

conclusion is supported.  In addition, this same section states that these results may not be 

representative of current groundwater concentrations because they were collected using 

direct push technology rather than permanent monitoring wells.  For these reasons, 

groundwater should be analyzed for the full suite of contaminants. 

 

16. On page 25 the text indicates that the partnering team established a surface and 

subsurface soil pesticide threshold (50 µg/kg) for routine basewide pesticide application.  

Information should be provided to support the selection of this as a threshold value.  

Currently, insufficient information is provided to support this value. 

17. On page 26, the text indicates that no additional sampling to that proposed in this 

document is needed to adequately assess the potential risk to ecological receptors.  

Insufficient information is available to determine if sampling will be needed in the York 



Sincerely, 

Susanne Haug, P.E. 
NPL/BRAC Federal Facilities Branch 

 

River.  Furthermore, the results of this sampling may indicate the need for additional 

sampling. 

 

18. On page 26, in Section 2.3.4, item 3 indicates that groundwater concentrations will be 

compared to marine surface water screening values and BTAG marine screening values.  

The text needs to clarify the salinity range in the York River to ensure the appropriate 

screening values are being used. 

 

19. Page 26, Section 2.3.5: The text needs to clarify how the test pits will address the debris 

outcrops identified in Section 2.2.1. 

 

20. Page 33, Section 2.5:  The text states “…the Team discussed and agreed to the proposed 

sampling locations for AOC 8.”  As stated above, the text needs to provide the supporting 

rationale for the proposed sample locations shown on Figure 7. 

 

21. Page 36, Section 3.1.2: Under Soil Sampling, the text indicates that one surface soil 

sample will be analyzed for hexavalent chromium and one additional soil sample will be 

analyzed for total and hexavalent chromium.  Because of the variability of contaminant 

concentrations in soil, these single samples are not likely adequate.  Additional 

information is needed to support this approach or the approach must be revised. 

 

 If you have any questions, please contact me at 215-814-3394. 

  
   

cc:  Wade Smith, VDEQ            



Response to Comments 
Remedial Investigation 

Sampling and Analysis Plan 
AOC 8 – Area South of Site 7 

Naval Weapons Station Yorktown Cheatham Annex 
Williamsburg, VA 
January 3, 2013 

 
Comments received by email on October 10, 2012 from Susanne Haug, Environmental Protection Agency, Region 3. 

EPA Comment #1: Please make similar changes to the report regarding comparison of on-site concentrations to 
maximum background concentrations (when the 95th percent UTL is exceeded) as was agreed to for recent SAPs 
such as Site 4. 

Navy Response: As discussed with the team as part of resolving the comments on the CAX Site 4 UFP-SAP, the 
intention of the Decision Tree (Figure 6) presented in the UFP-SAP is that comparison of COPC/COC 
concentrations to background 95% UTL data (or any other background-related criteria) will be conducted 
independently of the evaluation of potential risk through the completion of the human health and ecological risk 
assessments. Only in cases where potential human health or ecological risk is identified and comparison of site 
data to the background 95% UTLs indicates UTL exceedances, would further evaluation of the data with respect to 
consistency with background conditions be considered. In other words, should further evaluation methods (such 
as evaluating the magnitude of the 95% UTL exceedance and/or comparing to maximum background 
concentrations) be employed, they would only be utilized following the completion of the risk assessments. 
Therefore, the final step in the decision logic (Section 2.3.2, last bullet under “Human Health Decision Logic” and 
“Ecological Decision Logic”) was revised to state: 

• If the COC concentrations exceed the background 95 percent UTLs, further evaluation will be conducted 
to consider whether the COC concentrations are consistent with background conditions or if they 
represent a release such that further action is warranted. 

And the 2nd to last box in the decision logic (Figure 6) was revised to state: 

Conduct further evaluation to consider whether the COC concentrations are consistent with background 
conditions or if they represent a release such that further action is warranted.  

In addition, the text label for the arrow from this box directed to the left will be revised to read “COC 
concentrations not indicative of a CERCLA-related release” and the arrow directed to the right to read “COC 
concentrations indicative of a CERCLA-related release.” 

EPA Comment #2: PAGE 22 - The third bullet should be clarified to indicate that 95th percent UCL groundwater 
concentrations from wells located in the most contaminated portion of the groundwater plume will be used to 
estimate potential risks. 

Navy Response: The third bullet was revised as follows: 

If COPCs are identified, human health risks will be evaluated for exposure to the COPCs indentified in 
groundwater for future industrial workers, residents, and construction workers.  The 95% UCL of the 
mean groundwater concentration from the wells located in the most contaminated portion of the 
groundwater plume (if a plume is identified) will be used as the exposure concentration for the risk 
calculations.  If all risks are within acceptable USEPA risk levels, no further action or assessment based on 
human health will be required for groundwater. 



EPA Comment #3: The laboratory performing the analyses should be required to report Tentatively Identified 
Compounds (TICs). TIC reporting will allow for a more complete and comprehensive characterization of 
contamination at AOC 8. 

Navy Response: The purpose of the RI is to collect additional data to supplement the current SI dataset in order to 
adequately characterize AOC 8 and evaluate potential risks to human health and the environment. As such, the 
investigation is not a release assessment.  Therefore, the analytical suite will consist of constituents already 
established to be present at the site and TIC analysis is not appropriate. 

EPA Comment #4: The submitted laboratory accreditation expired on March 31, 2012.  

Navy Response: Tables A2-a through A2-c and Appendix D of the UFP-SAP were revised to include the updated 
laboratory accreditation references and documentation; the laboratory’s accreditation is good through 2014. 

EPA Comment #5: Because the data collected from the proposed soil and groundwater samples will be used in the 
remedial investigation and the variability that can occur between samples of these media, limiting the analyses to 
PAHs, PCBs, and inorganics in soil and VOCs and metals in groundwater is not supported.  The analyses of the 
proposed samples need to include the original list of contaminants used in the former SI process. 

Navy Response: During the 2008 Site Inspection (SI), soil and groundwater samples were analyzed for full suite 
(VOCs, SVOCs, pesticides, PCBs, explosives, and metals). The analytical results (included herein as Attachment 1) 
identified detections of 1 VOC, PAHs, pesticides, one PCB, and metals in surface soil, 2 VOCs, pesticides, one PCB, 
and metals in subsurface soil, and one VOC and metals in groundwater. Following a comparison to conservative 
screening values (Ecological Screening Values [ESVs] and USEPA Regional Screening Levels [RSLs] for residential 
soil, the Final SI Report (CH2M HILL, 2012) concluded that one PAH, one pesticide, one PCB, and 4 metals in 
surface soil; one pesticide, one PCB, and one metal in subsurface soil; and 1 VOC and 3 total and 5 dissolved 
metals in groundwater were detected at concentrations above the conservative screening values. Of these 
constituents that exceeded the conservative screening values, 1 PAH, 1 PCB, and 2 metals in surface soil and 1 
VOC and 1 metal in groundwater were identified as COPCs (i.e., potential risk may exist due to exposure to these 
constituents).  

As stated in Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (USEPA, 1988), 
Section 2.2.2,  

“Before the activities necessary to conduct an RI/FS can be planned, it is important to compile the 
available data that have previously been collected for a site. These data can be used to determine the 
additional work that needs to be conducted both in the field and within the community. A thorough 
search of existing data should help avoid duplication of previous efforts and lead to a remedial 
investigation that is more focused and, therefore, more efficient in its expenditure of resources.” 

Following this guidance, since the SI sampling provided adequate spatial coverage to assess what COPCs exist, the 
RI will include analysis of a focused list of analytes based on the SI exceedances. It is the principal objective of the 
RI to refine the delineation, not continue determining what COPCs are present, since they were identified during 
the 2008 SI. Upon evaluation of the 2008 SI analytical results, the CAX Partnering Team agreed during the two 
scoping sessions (documented in Sections 2.1.1 and 2.1.2 of the UFP-SAP) to analyze the RI surface and subsurface 
soil samples for PAHs, PCBs and metals, and groundwater for VOCs and metals in order to fulfill this purpose. No 
changes were made to the UFP-SAP. 

EPA Comment #6: The text indicates there is “…a slope where debris outcrops….”  The text and figures need to 
identify the location of this slope and the debris outcrop.  This will assist in determining if surface sediment, 
subsurface sediment, pore water, and/or surface water samples from the York River are needed for this remedial 
investigation (RI).  This will also assist in identifying this as a potential migration pathway (Section 2.2.5) or 
quantifying the assumption (Section 2.3.3) that there is no buried debris outside the berm.  The location of the 
debris outcrops can also be used to ensure the previous and proposed sampling locations include this area as a 
potential source of contamination. 



Navy Response: The debris “outcrop” is better described as visible debris within the side of the berm, rather than 
an outcrop or large cut in the side of the berm where debris is exposed. This debris is located within the bermed 
area of the northern disposal area and no debris outcrops outside of the AOC 8 study area, which is defined by the 
site berm (see attached Figure 1). As such, any potential migration of contamination from surface water runoff in 
this area will be directed back to the site and ultimately infiltrate into the ground or evaporate within the site 
boundary. As a result, the presence of this area of visible debris within the berm provides no basis for the 
collection of surface sediment, subsurface sediment, pore water, and/or surface water samples from the York 
River to complete this RI.   

The figures presented in the UFP-SAP have been revised to include the approximate location of the debris within 
the berm and the UFP-SAP text has been revised to state “….. a slope where debris outcrops is visible within the 
side of the berm …..”. In addition, based on the location of this debris, and the locations of the test pits excavated 
during the 2008 SI, the 2008 SI soil sample locations (as depicted on Figure 4 of the UFP-SAP) have adequately 
characterized this area as a potential source of contamination. 

EPA Comment #7: Section 2.2.6 on page 20 states that potential ecological receptors exposed to surface soil at 
AOC 8 include lower trophic level terrestrial receptors (plants and soil invertebrates).  The section further states 
that due to the small area of the site that contains debris (source areas), exposures to upper trophic level receptors 
(such as birds and mammals) are not considered significant.  This approach is not acceptable to BTAG.  Section 
2.2.1 on page 18 states that the site is 1.5 acres, which is within the home range for small mammals and some 
birds.  Therefore, food chain risk should be evaluated for receptors with small home ranges (e.g., short-tailed 
shrew [Blarina brevicauda] shrew and American robin [Turdus migratorius]) to more fully assess this exposure 
pathway. 

Navy Response: While the total site size may be 1.5 acres, only about 0.25 acres of the site has surface debris 
(Figure 2); this area expands to about 0.7 acres if buried debris is also considered (Figure 5). As outlined in the 
2008 SI (CH2M HILL, 2012), these areas are too small for significant exposures to occur for upper-trophic-level 
populations, the focus of assessment endpoints. The UFP-SAP was revised as follows to clarify the size of the 
source area at AOC 8: 

Due to the small size of areas on the site that contain debris (the source areas, comprised of about 0.7 
acres of the 1.5 acre site), exposures to upper trophic level receptors (such as birds and mammals) are not 
considered significant. 

EPA Comment #8: Section 2.3.1 on page 21 states that while AOC 8 is located adjacent to the York River, no 
surface water or sediment sampling is recommended because the location and the height of the berm prevents the 
transport of site-related contaminants into the York River.  In addition, the only potential risk identified in the 
groundwater sample collected closest to the York River, during the Site Inspection, was arsenic, which may not be 
representative of current arsenic concentrations because the groundwater samples were not collected from 
permanent monitoring wells.  Because permanent monitoring wells are proposed for this investigation, the 
decision on whether to collect surface water and sediment from the York River should be based on the results of 
samples from these wells.  As part of the RI, the discharge areas for groundwater should be identified so any future 
sampling could be properly located. 

Navy Response: The decision on whether to collect additional RI data (including surface water and sediment from 
the York River or groundwater discharge data) will be based on an evaluation of the existing and proposed data 
(as outlined in the UFP-SAP). If this evaluation indicates additional RI data are needed to adequately fulfill the 
objectives of the RI, an addendum to this UFP-SAP will be prepared and submitted for Partnering Team review, 
prior to the completion of the RI Report. Section 2.3.1 (Project Statement and Objectives) was revised as follows: 

The objective of the RI is to collect additional data to supplement the current SI dataset to fill spatial data 
gaps and identify migration pathways in order to adequately characterize AOC 8 and evaluate potential 
risks to human health and ecological receptors. Field activities will include delineating the lateral extent of 
the two burial areas, collecting additional soil samples, and collecting groundwater samples from 



permanent monitoring wells to adequately characterize the site. All test pit and soil data evaluated in the 
SI (CH2M HILL, 2012) and all data collected as part of this RI will be used to support an HHRA and ERA. 
While AOC 8 is located adjacent to the York River, no surface water or sediment sampling is 
recommended at this time because the location and the height of the berm along the eastern boundary 
(Figure 3) prevents the transport of site-related contaminants into the York River from surface runoff. In 
addition, the only potential risk identified in the groundwater sample collected closest to the York River, 
during the SI, was due to arsenic concentrations; however, these results may not be representative of 
current arsenic concentrations because the groundwater samples were not collected from permanent 
monitoring wells. If, following the evaluation of the RI data, it is determined additional RI data (i.e., 
surface water and sediment samples from the York River or groundwater discharge data) are needed to 
adequately fulfill the objectives of the RI, an addendum to this UFP-SAP will be prepared and submitted 
for Partnering Team review, prior to the completion of the RI Report. 

EPA Comment #9: In the Ecological Decision Logic portion of Section 2.3.2, bullet one, the phrase “…(HQ) exceeds 
1…” needs to change to “…(HQ) equals or exceeds 1….”  Also, the initial and final COPCs for plants and 
invertebrates need to be based on maximum concentrations, not mean values. 

Navy Response: The requested change relating to HQs was made to the SAP. Initial COPCs (Step 2) for plants and 
invertebrates will be based upon maximum concentrations. Final COPCs (Step 3A) will consider mean and 95% 
UCL soil concentrations, per Navy ERA guidance. 

EPA Comment #10: Section 2.3.2 on page 21 states that if analytes are undetected or if any detected analytes are 
below the Project Action Limits (PALs), then it will be assumed that the nature and concentrations of these 
constituents do not pose an unacceptable risk, and no further action will be necessary.  If analytes are detected 
above the project-specific PALs then a quantitative human health and ecological risk assessment will be 
conducted.  Section 2.3.4 on page 26 states that the PALs are residential soil levels for human health and 
ecological screening levels for plants and soil invertebrates.  All detected chemicals must be evaluated in the ERA 
to assess impacts to ecological receptors.  The comparison to PALs does not consider the potential for food chain 
risk. 

Navy Response: All detected chemicals in ecologically relevant media (e.g., surface soil) will be evaluated in the 
ERA. Regarding the potential for food chain risk, please see the response to Comment 7.  

EPA Comment #11: Section 2.3.2 on page 23 states that mean groundwater concentrations will be compared with 
surface water screening values.  For the initial evaluation, maximum concentrations must be compared with 
surface water screening values (representing future potential risk).  The contaminant concentrations in the wells 
closest to the groundwater discharge point should also be evaluated to assess the potential for risk and the need 
to further evaluate the groundwater / surface water pathway. 

Navy Response: For the initial evaluation (Step 2), maximum groundwater concentrations will be used. 
Subsequent evaluations (Step 3A), if necessary, may consider subsets of the available data, as suggested in the 
comment, and central tendency estimates of concentrations. 

EPA Comment #12: The first bullet on page 23 indicates that if COPC concentrations exceed the background 95 
percent UTL, further evaluation will be needed.  In the screening level ecological risk assessment, comparing site 
data to the background 95 percent UCL is appropriate, not the UTL or maximum base background concentrations.  
(It warrants reiterating that in the risk assessment, the potential for risk cannot be eliminated due to background 
concentrations.) 

Navy Response: Background concentrations, as agreed to by the Partnering Team during the background study, 
are 95% UTL values, which will be used in the assessment. These comparisons will be conducted as part of Step 
3A, if necessary, per Navy ERA guidance. 



EPA Comment #13: Section 2.3.3 states that it is unlikely that buried debris exists below the groundwater table, 
which is estimated to be less than 30 feet bgs.  Information should be provided to support this statement, 
otherwise it should be removed. 

Navy Response: The statement that it is unlikely that buried debris exists below the groundwater table was based 
on typical excavation and disposal practices in sandy soils. While it is unlikely that native material from the Site 
was excavated below groundwater for disposal purposes, this text was deleted from the UFP-SAP. In addition, 
depth to groundwater data will be collected from the monitoring wells installed as part of the RI. While it is not 
irrefutable, the depth to groundwater data can infer the likely maximum depth of debris at the site. 

EPA Comment #14: Section 2.3.3 on page 24 states that 10 surface soil samples (0 to 6 inches) will be collected 
from AOC 8 (Figure 7) and analyzed for polycyclic aromatic hydrocarbons, polychlorinated biphenyls (PCBs), and 
inorganic constituents to supplement the existing surface soil data.  Subsurface soil samples will be collected in the 
same locations.  Information should be provided to justify the locations of proposed soil samples (fill spatial data 
gaps, migration pathways).  The information provided in Table 2-6 is not specific enough to determine why some 
samples are being collected.  It is unclear why three soil samples will be collected north of the study area. 

Navy Response: The proposed soil sample locations were selected by the CAX Partnering Team to supplement the 
current SI dataset to fill spatial data gaps and identify migration pathways in order to adequately characterize AOC 
8 and evaluate potential risks to human health and ecological receptors (changes to the UFP-SAP made as shown 
in the response to EPA Comment #8 above). The three samples north of the study area were proposed to confirm 
that no soil contamination exists outside of the bermed area adjacent to where buried debris, within the berm is 
the most extensive. Table 2-6 was revised as follows: 

TABLE 2-6 

AOC 8 Proposed Sampling Scheme and Associated Rationale 

Media  Sample Count Analysis Rationale 

Surface Soil 11 

3 PAHs, PCBs, inorganic constituents, TOC, 
pH, grain size 

Collected to determine if site related contaminants exist outside current 
site study area. The data will also be used to determine the nature and 
extent of contamination and support an HHRA and ERA. 

3 PAHs, PCBs, inorganic constituents, TOC, 
pH, grain size 

Collected to determine the nature and extent of contamination within 
the vicinity of the burial area south of the site entrance road (no samples 
were previously collected from this area; therefore there is a spatial data 
gap in this area). The data will also be used to determine the nature and 
extent of contamination and support an HHRA and ERA. 

2 PAHs, PCBs, inorganic constituents, TOC, 
pH, grain size 

Collected to determine if site related contaminants exist outside the 
buried debris area at the end of the site entrance road (no samples were 
previously collected from this area; therefore there is a spatial data gap 
in this area). The data will also be used to determine the nature and 
extent of contamination and support an HHRA and ERA. 

1 PAHs, PCBs, inorganic constituents, TOC, 
pH, grain size 

Collected to determine if site related contaminants are migrating from 
the area immediately downgradient of the soil sample location where 
benzo(b)fluoranthene, Endrin aldehyde, and arsenic concentrations were 
detected in surface soil, above residential RSL or ecological screening 
values during the 2008 SI. The data will also be used to determine the 
nature and extent of contamination and support an HHRA and ERA. 

1 PAHs, PCBs, inorganic constituents, 
hexavalent chromium, TOC, pH, grain size 

Collected to determine if site related contaminants are migrating from 
the area immediately downgradient of the 2008 test pit location, where 
the most extensive buried debris was identified. The data will also be 
used to determine the nature and extent of contamination and support 
an HHRA and ERA. Hexavalent chromium data will be used to determine 
the valency of high chromium concentrations detected during the 2008 SI 
in order to refine the HHRA. 

1 Total and hexavalent chromium Collected to determine the valency of high chromium concentrations 
detected during the 2008 SI in order to refine the HHRA. 

Subsurface Soil 10 

3 PAHs, PCBs, inorganic constituents, pH 
Collected to determine if site related contaminants exist outside current 
site study area. The data will also be used to determine the nature and 
extent of contamination and support an HHRA and ERA. 

3 PAHs, PCBs, inorganic constituents, pH 

Collected to determine the nature and extent of contamination within 
the vicinity of the burial area south of the site entrance road (no samples 
were previously collected from this area; therefore there is a spatial data 
gap in this area). The data will also be used to determine the nature and 
extent of contamination and support an HHRA and ERA. 



TABLE 2-6 

AOC 8 Proposed Sampling Scheme and Associated Rationale 

2 PAHs, PCBs, inorganic constituents, pH 

Collected to determine if site related contaminants exist outside the 
buried debris area at the end of the site entrance road (no samples were 
previously collected from this area; therefore there is a spatial data gap 
in this area). The data will also be used to determine the nature and 
extent of contamination and support an HHRA and ERA. 

1 PAHs, PCBs, inorganic constituents, pH 

Collected to determine if site related contaminants are migrating from 
the area immediately downgradient of the soil sample location where 
benzo(b)fluoranthene, Endrin aldehyde, and arsenic concentrations were 
detected in surface soil, above residential RSL or ecological screening 
values during the 2008 SI. The data will also be used to determine the 
nature and extent of contamination and support an HHRA and ERA. 

1 PAHs, PCBs, inorganic constituents, pH 

Collected to determine if site related contaminants are migrating from 
the area immediately downgradient of the 2008 test pit location, where 
the most extensive buried debris was identified. The data will also be 
used to determine the nature and extent of contamination and support 
an HHRA and ERA. 

Groundwater 6 

2 

VOCs, total and dissolved inorganic 
constituents, nitrate, nitrite, sulfate, 
sulfide, alkalinity, methane, ethane, and 
ethane 

Collected to determine if groundwater contaminant concentrations exist 
outside the debris disposal areas (no groundwater samples were 
previously collected from outside the buried debris; therefore there is a 
spatial data gap in this area).The data will also be used to assist in 
determining the degradation and mobility of VOCs and metals and 
support an HHRA and ERA. 

1 

VOCs, total and dissolved inorganic 
constituents, nitrate, nitrite, sulfate, 
sulfide, alkalinity, methane, ethane, and 
ethane 

Collected to determine if groundwater contaminant concentrations exist 
in the vicinity of the 2008 test pit location, where the most extensive 
buried debris was identified. The data will also be used to assist in 
determining the degradation and mobility of VOCs and metals and 
support an HHRA and ERA. 

1 

VOCs, total and dissolved inorganic 
constituents, nitrate, nitrite, sulfate, 
sulfide, alkalinity, methane, ethane, and 
ethane 

Collected to confirm groundwater contaminant concentrations detected 
during the 2008 SI (in the immediate vicinity of the 2008 SI groundwater 
sample where low level PCE concentrations were detected). The data will 
also be used to assist in determining the degradation and mobility of 
VOCs and metals and support an HHRA and ERA. 

2 

VOCs, total and dissolved inorganic 
constituents, nitrate, nitrite, sulfate, 
sulfide, alkalinity, methane, ethane, and 
ethane 

Collected to determine if groundwater contaminant concentrations are 
migrating into the York River at concentrations that may pose risk to 
human health or the environment. The data will also be used to assist in 
determining the degradation and mobility of VOCs and metals and 
support an HHRA and ERA. 

 

EPA Comment #15: Section 2.3.3 on page 24 states that the analytical results collected as part of the 2008 Site 
Inspection indicated that there were no semi-volatile organic chemicals, pesticides, or PCBs detected in 
groundwater; therefore, no additional sampling is required for these contaminant groups.  Because this data is 
nearly five years old, it is unclear that this conclusion is supported.  In addition, this same section states that these 
results may not be representative of current groundwater concentrations because they were collected using direct 
push technology rather than permanent monitoring wells.  For these reasons, groundwater should be analyzed for 
the full suite of contaminants. 

Navy Response: Given the type of debris and the estimated date of disposal (sometime between 1942 and 1955, 
based on historical aerial photographs and the nature of the debris found during test pitting activities), the 
groundwater sample results indicate that site-related contaminants have not leached into the groundwater, 
despite the likely more than five decade time frame since disposal activities ceased and the relatively short 
distance beneath the waste material and the water table. Therefore, since the results of 2008 SI groundwater 
sampling show no SVOC, pesticide, PCB, or explosives detections in groundwater (see Attachment 1), no further 
investigation or evaluation is warranted for these constituents. 

The UFP-SAP does state that the VOC and inorganic constituent results may not be representative of current 
groundwater concentrations because they were collected using DPT rather than permanent monitoring wells. 
However, this statement was intended to provide a rationale as to why the 2008 SI VOC and inorganic constituent 
data should not be further evaluated in the RI, not to indicate that all of the 2008 SI groundwater data are not 
representative of current groundwater conditions. The statement is based on the well-known potential for DPT 
groundwater sampling techniques to impact specifically VOC and inorganic constituent concentrations (e.g., the 



effects of increased sample turbidity and aquifer disturbance with DPT), and does not provide a rationale for 
including SVOCs, pesticides, or PCBs as analytes in RI groundwater samples.  All references to the VOC and 
inorganic constituents not being representative of groundwater conditions were revised to include this rationale: 

Although groundwater samples were analyzed for VOCs and inorganic constituents during the SI, these 
results will not be used in the RI because the groundwater samples were not collected from permanent 
monitoring wells and may not be representative of current VOC and inorganic concentrations in 
groundwater (due to the effects of increased sample turbidity and aquifer disturbance with DPT). 

EPA Comment #16: On page 25 the text indicates that the partnering team established a surface and subsurface 
soil pesticide threshold (50 µg/kg) for routine basewide pesticide application.  Information should be provided to 
support the selection of this as a threshold value.  Currently, insufficient information is provided to support this 
value. 

Navy Response: The selection of the 50 µg/kg value as the pesticide threshold for routine basewide pesticide 
application was established and agreed upon by the CAX Partnering Team during the November 2011 Partnering 
Meeting, as a result of the EPA RPM’s discussions with BTAG. Originally, the CAX Partnering Team discussed using 
a higher threshold level (1 ppm); however, BTAG did not agree with this value and said background from routine 
spraying tends to be less than 50 µg/kg.  As a result, the CAX Partnering team chose 50 µg/kg as the threshold 
value. No changes were made to the UFP-SAP. 

EPA Comment #17: On page 26, the text indicates that no additional sampling to that proposed in this document is 
needed to adequately assess the potential risk to ecological receptors.  Insufficient information is available to 
determine if sampling will be needed in the York River.  Furthermore, the results of this sampling may indicate the 
need for additional sampling. 

Navy Response: Please see the response to EPA Comment #8. 

EPA Comment #18: On page 26, in Section 2.3.4, item 3 indicates that groundwater concentrations will be 
compared to marine surface water screening values and BTAG marine screening values.  The text needs to clarify 
the salinity range in the York River to ensure the appropriate screening values are being used. 

Navy Response: The range of salinity in the York River in the Yorktown/CAX area (as measured at Gloucester Point 
[VIMS, 2012]) is between 16 and 24 ppt, which is in the marine range (>10 ppt). The groundwater PAL text was 
revised as follows: 

3. Groundwater: USEPA Adjusted tap water RSLs and federal MCLs for human health and literature-
based marine surface water screening values and BTAG marine screening values to conservatively 
evaluate potential risks to ecological receptors from groundwater discharge to surface water. Marine 
screening values will be used because the salinity of the York River in the vicinity of CAX (as measured 
at Gloucester Point [VIMS, 2012]) is between 16 and 24 ppt, which is in the marine range (>10 ppt). 

EPA Comment #19: Page 26, Section 2.3.5: The text needs to clarify how the test pits will address the debris 
outcrops identified in Section 2.2.1. 

Navy Response: As discussed in the response to Comment #6, there is debris visible within the bermed area along 
the northern portion of the site; however, the debris is contained within the berm and confined to the site. As a 
result, the test pitting activities conducted during the 2008 SI have sufficiently delineated the debris in this area. 
No changes were made to the SAP. 

EPA Comment #20: Page 33, Section 2.5:  The text states “…the Team discussed and agreed to the proposed 
sampling locations for AOC 8.”  As stated above, the text needs to provide the supporting rationale for the 
proposed sample locations shown on Figure 7. 

Navy Response: Please see the response to EPA Comment #14. 



EPA Comment #21: Page 36, Section 3.1.2: Under Soil Sampling, the text indicates that one surface soil sample will 
be analyzed for hexavalent chromium and one additional soil sample will be analyzed for total and hexavalent 
chromium.  Because of the variability of contaminant concentrations in soil, these single samples are not likely 
adequate.  Additional information is needed to support this approach or the approach must be revised. 

Navy Response:  The EPA and VDEQ (including their associated technical support) discussed and agreed to this 
approach (collecting two samples for chromium speciation comparison) for other investigations currently being 
conducted at CAX. Chromium is generally found in natural soil in the trivalent form, unless activities at the site 
have resulted in the release or formation of hexavalent chromium. There is no known source of hexavalent 
chromium at AOC 8, as evident by the fact that total chromium concentrations in subsurface soil do not exceed 
the base background 95% UTL; therefore, trivalent chromium is the form of chromium expected to be present at 
the site. In addition, the chromium concentrations that exceeded the base background 95% UTL in surface soil are 
only slightly above the base background 95% UTL and are likely attributable to background conditions. As outlined 
in the January 2012 Scoping Session section of this UFP-SAP (Section 2.1.2), the CAX Partnering Team agreed that 
since the hexavalent chromium samples will be collected from those areas where chromium concentrations were 
the greatest during the 2008 SI, two samples for chromium speciation are sufficient  for chromium speciation and 
to refine the human health risk assessment. 

It should be noted that the two surface soil samples from AOC 8 that will be collected for hexavalent chromium 
analysis will be collected near SI locations SO04 and SO06.  The sample to be collected near SI location SO04 is 
already being analyzed for inorganic constituents, so an additional total chromium analysis is not needed since 
chromium is already included in the total inorganic constituent list. The sample by SO06 was added to provide a 
second chromium speciation sample, and it will be also be analyzed for total chromium for comparison purposes. 
Therefore, two surface soil samples will include both total and hexavalent chromium analyses.



Figure 1
Proposed Sample Locations

AOC 8 Remedial Investigation UFP-SAP
Cheatham Annex

Williamsburg, Virginia
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TABLE 7‐1
AOC 8 Surface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date
Sample Depth

Chemical Name

Volatile Organic Compounds (UG/KG)
Acetone ‐‐ ‐‐ 63,000,000 6,100,000 3 B 36 J 11 U 11 U 10 U

Semivolatile Organic Compounds (UG/KG)
Benzaldehyde ‐‐ ‐‐ 1,200,000 780,000 360 U 370 U 370 U 180 J 360 U
Benzo(b)fluoranthene ‐‐ HMW PAH 2,100 150 360 U 370 U 370 U 290 J 360 U
Benzo(k)fluoranthene ‐‐ HMW PAH 21,000 1,500 360 U 370 U 370 U 210 J 360 U
Chrysene ‐‐ HMW PAH 210,000 15,000 360 U 370 U 370 U 210 J 360 U
Fluoranthene ‐‐ LMW PAH 2,200,000 230,000 360 U 370 U 370 U 260 J 360 U
PAH (HMW) ‐‐ 18,000 ‐‐ ‐‐ 1,620 U 1,665 U 1,665 U 1,860 1,620 U
PAH (LMW) ‐‐ 29,000 ‐‐ ‐‐ 1,620 U 1,665 U 1,665 U 1,700 1,620 U
Pyrene ‐‐ HMW PAH 1,700,000 170,000 360 U 370 U 370 U 250 J 360 U

Pesticide/Polychlorinated Biphenyls (UG/KG)
4,4'‐DDD ‐‐ 583 7,200 2,000 3.6 U 3.6 U 0.23 J 2.4 J 0.37 J
4,4'‐DDE ‐‐ 114 5,100 1,400 3.6 U 3.6 U 0.34 J 4.8 J 17
4,4'‐DDT ‐‐ 100 7,000 1,700 0.44 J 3.6 U 1.2 J 7.3 U 14
Aroclor‐1260 ‐‐ 8,000 740 220 36 U 36 U 38 U 420 36 U
Dieldrin ‐‐ 10.5 110 30 0.29 J 3.6 U 0.34 J 7.3 U 3.6 U
Endrin aldehyde ‐‐ 1.95 18,000 1,800 3.6 U 3.6 U 0.43 J 21 J 3.6 U
gamma‐Chlordane ‐‐ 52.9 6,500 1,600 1.8 U 1.8 U 1.9 U 0.81 J 1.8 U
Heptachlor epoxide ‐‐ 11.0 190 53 1.8 U 1.8 U 1.9 U 0.76 J 1.8 U

Explosives (UG/KG)
No Detections

Total Metals (MG/KG)
Aluminum 12,200 pH < 5.5 99,000 7,700 7,900 3,870 6,760 11,600 9,290
Antimony 11 78.0 41 3.1 5.2 R 5.4 R 5.4 R 1.7 L 5.5 R
Arsenic 6.36 18.0 1.6 0.39 3.3 K 2.4 K 3.7 K 15.4 K 3.2 K
Barium 52.9 330 19,000 1,500 32.6 12.1 J 32.4 69.1 16.1 J
Beryllium 0.587 40.0 200 16 0.33 J 0.2 J 0.32 J 0.55 0.29 J
Cadmium 1.5 32.0 80 7 0.09 J 0.08 J 0.11 J 0.71 0.09 J
Calcium 2,290 ‐‐ ‐‐ ‐‐ 1,010 395 J 930 6,170 802
Chromium 18.2 64.0 5.6 0.29 11 7.7 9.4 26.5 13.9
Cobalt 9.93 13.0 30 2.3 1.3 J 0.72 J 1.3 J 2.8 J 1.3 J
Copper 4.25 70.0 4,100 310 4.2 2 J 6 40.3 2.8
Iron 19,900 pH < 5 or pH > 8 72,000 5,500 7,950 5,020 7,760 15,800 9,320
Lead 17.4 120 800 400 21.3 8.8 18.7 60.7 6.4
Magnesium 1,070 ‐‐ ‐‐ ‐‐ 650 600 615 1,930 852
Manganese 324 220 2,300 180 59.6 L 23.3 L 59.6 L 170 L 24 L
Mercury 0.111 0.10 31 2.3 0.09 UL 0.084 UL 0.11 UL 0.04 L 0.11 UL
Nickel 9.52 38.0 2,000 150 3.7 1.7 J 3.4 J 8 3.6 J
Potassium 708 ‐‐ ‐‐ ‐‐ 555 893 470 1,590 1,090
Selenium 0.51 0.52 510 39 3 U 3.1 U 3.2 U 0.6 J 3.2 U
Sodium 521 ‐‐ ‐‐ ‐‐ 31 J 18.7 J 24.3 J 125 J 26.4 J

Thallium ‐‐ 1.00 11 .0781 0.08 J 2.5 U 2.1 U 2.2 U 0.06 J

CAA08‐SO01

CAA08‐SS01‐1008

10/22/08

CLEAN CAX BKG 
SS

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010) 0‐6"

CAA08‐SO02

CAA08‐SS02‐1008

10/22/08

CAA08‐SO03

CAA08‐SS03‐1008

10/22/08

0‐6" 0‐6" 0‐6" 0‐6"

CAA08‐SO04

CAA08‐SS04‐1008

10/24/08

CAA08‐SO05

CAA08‐SS05‐1008

10/24/08
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TABLE 7‐1
AOC 8 Surface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date
Sample Depth

Chemical Name

CAA08‐SO01

CAA08‐SS01‐1008

10/22/08

CLEAN CAX BKG 
SS

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010) 0‐6"

CAA08‐SO02

CAA08‐SS02‐1008

10/22/08

CAA08‐SO03

CAA08‐SS03‐1008

10/22/08

0‐6" 0‐6" 0‐6" 0‐6"

CAA08‐SO04

CAA08‐SS04‐1008

10/24/08

CAA08‐SO05

CAA08‐SS05‐1008

10/24/08

Vanadium 27.9 130 520 39 15.3 10.8 13 26.3 21.2

Zinc 26.5 120 31,000 2,300 18 8.5 31.8 160 12.3

Wet Chemistry
% Solids (pct) ‐‐ ‐‐ ‐‐ ‐‐ 92 88 89 92 92
pH (ph) ‐‐ ‐‐ ‐‐ ‐‐ 6.3 5.3 6.6 7.9 6.9
Total organic carbon (TOC) (ug/g) ‐‐ ‐‐ ‐‐ ‐‐ 21,000 K 12,000 K 9,800 K 45,000 K 12,000 K

Notes: 23 ‐ CAX AOCs Final Report\Tables\Section 7 ‐ AOC 8\[Revised Table 7‐1_aoc8_ss_v3.xls
Exceeds Background Victoria Brynildsen
Exceeds BKG & ECO #############
Exceeds BKG & Res RSL

Exceeds BKG, Res & Ind RSLs

Bold indicates detection
1Adjusted June 2011 RSL value

‐‐ ‐ No value available

NA ‐ Not analyzed

B ‐ Analyte not detected above the level reported in blanks

J ‐ Analyte present, value may or may not be accurate or 
precise
K ‐ Analyte present, value may be biased high, actual value may 
be lower
L ‐ Analyte present, value may be biased low, actual value may 
be higher
R ‐ Unreliable Result

U ‐ Analyte not detected

UL ‐ Analyte not detected, quantitation limit is probably higher

MG/KG ‐ Milligrams per kilogram

PCT ‐ Percent

PH ‐ pH units

UG/G ‐ Micrograms per gram

UG/KG ‐ Micrograms per kilogram
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TABLE 7‐1
AOC 8 Surface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date
Sample Depth

Chemical Name

Volatile Organic Compounds (UG/KG)
Acetone ‐‐ ‐‐ 63,000,000 6,100,000

Semivolatile Organic Compounds (UG/KG)
Benzaldehyde ‐‐ ‐‐ 1,200,000 780,000
Benzo(b)fluoranthene ‐‐ HMW PAH 2,100 150
Benzo(k)fluoranthene ‐‐ HMW PAH 21,000 1,500
Chrysene ‐‐ HMW PAH 210,000 15,000
Fluoranthene ‐‐ LMW PAH 2,200,000 230,000
PAH (HMW) ‐‐ 18,000 ‐‐ ‐‐
PAH (LMW) ‐‐ 29,000 ‐‐ ‐‐
Pyrene ‐‐ HMW PAH 1,700,000 170,000

Pesticide/Polychlorinated Biphenyls (UG/KG)
4,4'‐DDD ‐‐ 583 7,200 2,000
4,4'‐DDE ‐‐ 114 5,100 1,400
4,4'‐DDT ‐‐ 100 7,000 1,700
Aroclor‐1260 ‐‐ 8,000 740 220
Dieldrin ‐‐ 10.5 110 30
Endrin aldehyde ‐‐ 1.95 18,000 1,800
gamma‐Chlordane ‐‐ 52.9 6,500 1,600
Heptachlor epoxide ‐‐ 11.0 190 53

Explosives (UG/KG)
No Detections

Total Metals (MG/KG)
Aluminum 12,200 pH < 5.5 99,000 7,700
Antimony 11 78.0 41 3.1
Arsenic 6.36 18.0 1.6 0.39
Barium 52.9 330 19,000 1,500
Beryllium 0.587 40.0 200 16
Cadmium 1.5 32.0 80 7
Calcium 2,290 ‐‐ ‐‐ ‐‐
Chromium 18.2 64.0 5.6 0.29
Cobalt 9.93 13.0 30 2.3
Copper 4.25 70.0 4,100 310
Iron 19,900 pH < 5 or pH > 8 72,000 5,500
Lead 17.4 120 800 400
Magnesium 1,070 ‐‐ ‐‐ ‐‐
Manganese 324 220 2,300 180
Mercury 0.111 0.10 31 2.3
Nickel 9.52 38.0 2,000 150
Potassium 708 ‐‐ ‐‐ ‐‐
Selenium 0.51 0.52 510 39
Sodium 521 ‐‐ ‐‐ ‐‐

Thallium ‐‐ 1.00 11 .0781

CLEAN CAX BKG 
SS

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010)

3 B 12 U 11 U 3 B 3 B 3 B

410 U 400 U 360 U 380 U 360 U 360 U
410 U 400 U 360 U 270 J 360 U 360 U
410 U 400 U 360 U 210 J 360 U 360 U
410 U 400 U 360 U 380 U 360 U 360 U
410 U 400 U 360 U 380 U 360 U 360 U

1,845 U 1,800 U 1,620 U 1,810 1,620 U 1,620 U
1,845 U 1,800 U 1,620 U 1,710 1,620 U 1,620 U
410 U 400 U 360 U 380 U 360 U 360 U

3.8 U 3.8 U 3.7 U 0.92 J 3.6 U 3.6 U
0.31 J 0.64 J 1.3 J 2 J 3.6 U 3.6 U
3.8 U 3.8 U 2.3 J 7.1 J 3.6 U 3.6 U
110 J 190 37 U 180 36 U 36 U
3.8 U 3.8 U 3.7 U 3.9 U 3.6 U 3.6 U
4.2 J 8.2 J 0.33 J 12 J 3.6 U 3.6 U
1.9 U 1.9 U 1.9 U 2 U 1.8 U 1.8 U
1.9 U 1.9 U 1.9 U 2 U 1.8 U 1.8 U

4,260 8,970 10,300 9,400 7,810 8,380
5.1 R 4.9 R 6.4 R 0.71 L 5.7 UL 4.3 UL
1.8 K 3 K 3.5 K 9.1 K 2.4 L 2.5 L
8.1 J 19.5 68.4 47.6 42.3 45

0.35 J 0.4 J 0.47 J 0.37 J 0.48 J 0.48
0.12 J 0.17 J 0.14 J 0.38 J 0.03 B 0.36 U
430 826 2,860 1,770 489 J 545 J
18.7 20.5 20.6 16.8 7.6 K 8.1 K
1.7 J 2 J 3.3 J 1.8 J 2.5 J 2.5 J
2.6 4.1 7.3 21.4 3.6 3.6

6,560 9,690 12,300 9,000 4,980 6,330
3 J 9.6 J 10.6 39.4 17.4 17.6

664 1,020 3,180 920 538 570
17.6 L 24.4 L 144 L 72.3 L 106 L 110 L
0.098 UL 0.13 UL 0.1 UL 0.12 UL 0.11 UL 0.11 UL
4.5 5.3 8.3 5.4 4 4.2
705 1,140 3,200 778 367 J 382

3 U 2.9 U 3.8 U 2.8 U 3.3 U 2.5 U
17.8 J 33.5 J 72.6 J 46.4 J 36.2 J 34.8 J

2.2 U 2.2 U 2.1 U 1.7 U 2.4 U 1.8 U

10/28/08

CAA08‐SS06‐1008

10/27/08

CAA08‐SS06P‐1008

10/27/08

CAA08‐SO06

CAA08‐SS09‐1008

10/28/08

CAA08‐SS09P‐1008

10/28/08

CAA08‐SO09CAA08‐SO07

CAA08‐SS07‐1008

10/27/08

CAA08‐SO08

CAA08‐SS08‐1008

0‐6" 0‐6" 0‐6" 0‐6" 0‐6" 0‐6"
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TABLE 7‐1
AOC 8 Surface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date
Sample Depth

Chemical Name

CLEAN CAX BKG 
SS

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010)

Vanadium 27.9 130 520 39

Zinc 26.5 120 31,000 2,300

Wet Chemistry
% Solids (pct) ‐‐ ‐‐ ‐‐ ‐‐
pH (ph) ‐‐ ‐‐ ‐‐ ‐‐
Total organic carbon (TOC) (ug/g) ‐‐ ‐‐ ‐‐ ‐‐

Notes: 23 ‐ CAX AOCs Final Report\Tables\Section 7 ‐ AOC 8\[Revised Table 7‐1_aoc8_s
Exceeds Background Victoria Brynildsen
Exceeds BKG & ECO #############
Exceeds BKG & Res RSL

Exceeds BKG, Res & Ind RSLs

Bold indicates detection
1Adjusted June 2011 RSL value

‐‐ ‐ No value available

NA ‐ Not analyzed

B ‐ Analyte not detected above the level reported in blanks

J ‐ Analyte present, value may or may not be accurate or 
precise
K ‐ Analyte present, value may be biased high, actual value may 
be lower
L ‐ Analyte present, value may be biased low, actual value may 
be higher
R ‐ Unreliable Result

U ‐ Analyte not detected

UL ‐ Analyte not detected, quantitation limit is probably higher

MG/KG ‐ Milligrams per kilogram

PCT ‐ Percent

PH ‐ pH units

UG/G ‐ Micrograms per gram

UG/KG ‐ Micrograms per kilogram

10/28/08

CAA08‐SS06‐1008

10/27/08

CAA08‐SS06P‐1008

10/27/08

CAA08‐SO06

CAA08‐SS09‐1008

10/28/08

CAA08‐SS09P‐1008

10/28/08

CAA08‐SO09CAA08‐SO07

CAA08‐SS07‐1008

10/27/08

CAA08‐SO08

CAA08‐SS08‐1008

0‐6" 0‐6" 0‐6" 0‐6" 0‐6" 0‐6"

19 27.4 28.9 17.9 11.8 12.7

11.5 19 25.8 64.4 25.8 31.8

81 83 90 86 92 93
6.4 NA 8.1 7.6 5.8 NA

3,400 K NA 12,000 K 14,000 K 20,000 NA

Page 4 of 4



TABLE 7‐2
AOC 8 Subsurface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date

Sample Depth

Chemical Name

Volatile Organic Compounds (UG/KG)
1,4‐Dichlorobenzene ‐‐ ‐‐ 12,000 2,400 12 U 12 U 11 U 12 U 11 U 11 U
2‐Butanone ‐‐ ‐‐ 20,000,000 2,800,000 12 U 12 U 11 U 12 U 11 U 11 U

Semivolatile Organic Compounds (UG/KG)
No Detections NA NA NA NA

Pesticide/Polychlorinated Biphenyls (UG/KG)
4,4'‐DDD ‐‐ 583 7,200 2,000 3.5 U 4 U 4.1 U 3.7 U 7.4 U 7.2 U
4,4'‐DDE ‐‐ 114 5,100 1,400 3.5 U 4 U 4.1 U 0.38 J 7.2 J 4.5 J
4,4'‐DDT ‐‐ 100 7,000 1,700 3.5 U 4 U 4.1 U 0.48 J 7.4 U 24 J
alpha‐BHC ‐‐ 226 270 77 1.8 U 2 U 2 U 1.9 U 3.7 U 0.81 J
Aroclor‐1260 ‐‐ 8,000 740 220 35 U 36 J 41 U 37 U 400 500 J
Endrin ‐‐ 1.95 18,000 1,800 3.5 U 0.48 J 4.1 U 3.7 U 7.4 U 7.2 U
Endrin aldehyde ‐‐ 1.95 18,000 1,800 3.5 U 2.2 J 4.1 U 0.36 J 22 J 24 J
Heptachlor ‐‐ ‐‐ 380 110 1.8 U 2 U 2 U 1.9 U 3.7 U 3.6 U
Heptachlor epoxide ‐‐ 52.9 190 53 1.8 U 2 U 2 U 1.9 U 3.7 U 1.7 J

Explosives (UG/KG)
No Detections NA NA NA NA

Total Metals (MG/KG)
Aluminum 13,000 pH < 5.5 99,000 7,700 9,820 3,730 5,410 9,610 12,500 7,970
Antimony ‐‐ 78.0 41 3.1 3.9 R 0.48 L 4.1 R 6.9 R 4.5 R 0.33 L
Arsenic 5.54 18.0 1.6 0.39 3 K 9.2 K 5 K 3.7 K 3.6 K 6.7 K
Barium 84.5 330 19,000 1,500 35.7 5.7 J 8.1 J 35.4 29.6 38.7
Beryllium 0.52 40.0 200 16 0.31 J 0.2 J 0.28 J 0.42 J 0.38 J 0.46 J
Cadmium ‐‐ 32.0 80 7 0.06 J 0.08 J 0.04 B 0.1 J 0.02 B 0.45 J
Calcium 2,380 ‐‐ ‐‐ ‐‐ 590 451 389 730 943 4,350
Chromium 33.7 64.0 5.6 0.29 11.5 13.8 15.7 14.7 18.8 15.8
Cobalt 5.18 13.0 30 2.3 1.4 J 0.44 J 0.63 J 1.6 J 1.7 J 2.3 J
Copper 3.17 70.0 4,100 310 3.7 3.6 1.9 3.9 2.6 13.2
Iron 32,000 pH < 5 or pH > 8 72,000 5,500 7,450 5,250 7,250 9,270 11,000 10,100
Lead 8.79 120 800 400 17.6 4.5 3.4 19.4 4.3 43.1
Magnesium 1,120 ‐‐ ‐‐ ‐‐ 700 448 1,010 996 987 1,770
Manganese 176 220 2,300 180 50.7 L 22 L 13.3 L 65 L 25.6 L 112 L
Mercury 0.14 0.10 31 2.3 0.1 UL 0.12 UL 0.088 UL 0.09 UL 0.1 UL 0.04 L
Nickel 17.6 38.0 2,000 150 4.2 1.1 J 2 J 4.6 4.4 5.6
Potassium 901 ‐‐ ‐‐ ‐‐ 609 605 1,660 1,040 949 1,510
Selenium 0.64 0.52 510 39 2.3 U 0.4 J 2.4 U 4 U 0.37 J 3.6 U
Sodium 811 ‐‐ ‐‐ ‐‐ 36 J 15.1 J 21.9 J 29.1 J 56 J 65.3 J
Vanadium 48.3 130 520 39 17 14.8 18.6 18.8 28 21
Zinc 28 120 31,000 2,300 15.2 13.7 7.8 20.5 13.2 88.8

CLEAN CAX 
BKG SB

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010)

CAA08‐SBTP24‐1008

10/27/08

CAA08‐SO02

CAA08‐SB02‐1008

10/22/08

CAA08‐SB01‐1008

10/22/08

CAA08‐SB04‐1008

10/24/08

CAA08‐SO01 CAA08‐SO03

CAA08‐SB03‐1008

10/22/08

CAA08‐SBTP14‐1008

10/23/08

CAA08‐SO04

0.5‐2'0.5‐2' 20' 0.5‐2' 0.5‐2' 20'

Page 1 of 6



TABLE 7‐2
AOC 8 Subsurface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date

Sample Depth

Chemical Name

CLEAN CAX 
BKG SB

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010)

CAA08‐SBTP24‐1008

10/27/08

CAA08‐SO02

CAA08‐SB02‐1008

10/22/08

CAA08‐SB01‐1008

10/22/08

CAA08‐SB04‐1008

10/24/08

CAA08‐SO01 CAA08‐SO03

CAA08‐SB03‐1008

10/22/08

CAA08‐SBTP14‐1008

10/23/08

CAA08‐SO04

0.5‐2'0.5‐2' 20' 0.5‐2' 0.5‐2' 20'

Wet Chemistry
% Solids (pct) ‐‐ ‐‐ ‐‐ ‐‐ 80 80 87 85 94 92
pH (ph) ‐‐ ‐‐ ‐‐ ‐‐ 6.3 7.4 5.7 6.6 7.1 7.3
Total organic carbon (TOC) (ug/g) ‐‐ ‐‐ ‐‐ ‐‐ 12,000 K 560 K 1,000 K 6,500 K 2,900 K 35,000 K

Notes: 23 ‐ CAX AOCs Final Report\Tables\Section 7 ‐ AOC 8\[Revised Table 7‐2_aoc8_sb_v3.xls]
Exceeds Background Victoria Brynildsen
Exceeds BKG & ECO #############
Exceeds BKG & Res RSL

Exceeds BKG, Res & Ind RSLs

Exceeds BKG, ECO, Res & Ind RSLs

Bold indicates detection

‐‐ ‐ No value available

NA ‐ Not analyzed

B ‐ Analyte not detected above the level reported in blanks

J ‐ Analyte present, value may or may not be accurate or 
precise
K ‐ Analyte present, value may be biased high, actual value 
may be lower
L ‐ Analyte present, value may be biased low, actual value may 
be higher
R ‐ Unreliable Result

U ‐ Analyte not detected 

UL ‐ Analyte not detected, quantitation limit is probably higher

MG/KG ‐ Milligrams per kilogram

PCT ‐ Percent

PH ‐ pH units

UG/G ‐ Micrograms per gram

UG/KG ‐ Micrograms per kilogram
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TABLE 7‐2
AOC 8 Subsurface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date

Sample Depth

Chemical Name

Volatile Organic Compounds (UG/KG)
1,4‐Dichlorobenzene ‐‐ ‐‐ 12,000 2,400
2‐Butanone ‐‐ ‐‐ 20,000,000 2,800,000

Semivolatile Organic Compounds (UG/KG)
No Detections

Pesticide/Polychlorinated Biphenyls (UG/KG)
4,4'‐DDD ‐‐ 583 7,200 2,000
4,4'‐DDE ‐‐ 114 5,100 1,400
4,4'‐DDT ‐‐ 100 7,000 1,700
alpha‐BHC ‐‐ 226 270 77
Aroclor‐1260 ‐‐ 8,000 740 220
Endrin ‐‐ 1.95 18,000 1,800
Endrin aldehyde ‐‐ 1.95 18,000 1,800
Heptachlor ‐‐ ‐‐ 380 110
Heptachlor epoxide ‐‐ 52.9 190 53

Explosives (UG/KG)
No Detections

Total Metals (MG/KG)
Aluminum 13,000 pH < 5.5 99,000 7,700
Antimony ‐‐ 78.0 41 3.1
Arsenic 5.54 18.0 1.6 0.39
Barium 84.5 330 19,000 1,500
Beryllium 0.52 40.0 200 16
Cadmium ‐‐ 32.0 80 7
Calcium 2,380 ‐‐ ‐‐ ‐‐
Chromium 33.7 64.0 5.6 0.29
Cobalt 5.18 13.0 30 2.3
Copper 3.17 70.0 4,100 310
Iron 32,000 pH < 5 or pH > 8 72,000 5,500
Lead 8.79 120 800 400
Magnesium 1,120 ‐‐ ‐‐ ‐‐
Manganese 176 220 2,300 180
Mercury 0.14 0.10 31 2.3
Nickel 17.6 38.0 2,000 150
Potassium 901 ‐‐ ‐‐ ‐‐
Selenium 0.64 0.52 510 39
Sodium 811 ‐‐ ‐‐ ‐‐
Vanadium 48.3 130 520 39
Zinc 28 120 31,000 2,300

CLEAN CAX 
BKG SB

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010)

10 U 1 J 12 U 12 U 12 U 11 U
10 U 2 J 2 J 12 U 12 U 11 U

1.3 J 390 U 4 U 4 U 4 3.7 U
6.8 390 J 0.34 J 4 U 7.8 3.7 U
3 J 390 U 4 U 4 U 13 0.53 J

1.8 U 190 U 2 U 2 U 1.9 U 1.8 U
35 U 26,000 J 40 U 40 U 37 U 37 U
3.5 U 390 U 0.5 J 4 U 3.7 U 3.7 U
3.5 U 1,600 J 1.7 J 0.51 J 3.7 U 0.72 J
1.8 U 31 J 2 U 2 U 1.9 U 1.8 U
1.8 U 190 U 2 U 2 U 1.9 U 1.8 U

5,630 4,020 4,140 4,890 8,870 8,230
4.2 R 4.8 R 5.5 R 5.1 R 5 UL 5.5 R
2.7 K 1.4 K 1.5 K 2.4 K 4.4 L 3.5 K

14.4 10.5 J 8.5 J 9.2 J 40.5 30.1
0.42 0.38 J 0.36 J 0.37 J 0.32 J 0.32 J
0.44 0.86 0.1 J 0.12 J 0.41 U 0.06 B

11,100 461 256 J 331 J 7,840 J 626
14.8 14.3 15.9 19 25.8 K 10.9
1.8 J 1.7 J 1.6 J 2.7 J 2.3 J 1.4 J
2.3 6.8 2.2 J 2 J 6.5 4

8,160 4,520 5,890 6,710 10,100 7,520
4.6 22.3 2.5 2.7 11.1 14
911 651 643 840 1,720 700
31 L 22 L 16 L 18.7 L 84.1 L 42.2 L
0.1 UL 0.87 0.12 UL 0.13 UL 0.1 UL 0.11 UL
5.2 4.7 5.3 7.1 9.3 3.5 J

1,120 707 740 948 1,560 721
0.29 J 2.8 U 3.2 U 3 U 2.9 U 3.2 U
159 J 19.9 J 16.8 J 17.4 J 69 J 20.6 J
18.4 16.8 16.9 17.3 22.6 16.2
15.1 28.1 10.6 15.8 21 16.4

CAA08‐SO07

CAA08‐SB07‐1008

10/27/08

CAA08‐SBTP19‐1008

10/24/08

CAA08‐SB06‐1008

CAA08‐SO05

CAA08‐SB05‐1008

10/24/08

CAA08‐SO06 CAA08‐SO08

CAA08‐SB08‐1008

10/28/08

CAA08‐SB06P‐1008

10/27/08

0.5‐2' 20' 0.5‐2'

10/27/08

0.5‐2' 0.5‐2' 0.5‐2'
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TABLE 7‐2
AOC 8 Subsurface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date

Sample Depth

Chemical Name

CLEAN CAX 
BKG SB

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010)

Wet Chemistry
% Solids (pct) ‐‐ ‐‐ ‐‐ ‐‐
pH (ph) ‐‐ ‐‐ ‐‐ ‐‐
Total organic carbon (TOC) (ug/g) ‐‐ ‐‐ ‐‐ ‐‐

Notes: 23 ‐ CAX AOCs Final Report\Tables\Section 7 ‐ AOC 8\[Revised Table 7‐2_aoc8_sb
Exceeds Background Victoria Brynildsen
Exceeds BKG & ECO #############
Exceeds BKG & Res RSL

Exceeds BKG, Res & Ind RSLs

Exceeds BKG, ECO, Res & Ind RSLs

Bold indicates detection

‐‐ ‐ No value available

NA ‐ Not analyzed

B ‐ Analyte not detected above the level reported in blanks

J ‐ Analyte present, value may or may not be accurate or 
precise
K ‐ Analyte present, value may be biased high, actual value 
may be lower
L ‐ Analyte present, value may be biased low, actual value may 
be higher
R ‐ Unreliable Result

U ‐ Analyte not detected 

UL ‐ Analyte not detected, quantitation limit is probably higher

MG/KG ‐ Milligrams per kilogram

PCT ‐ Percent

PH ‐ pH units

UG/G ‐ Micrograms per gram

UG/KG ‐ Micrograms per kilogram

CAA08‐SO07

CAA08‐SB07‐1008

10/27/08

CAA08‐SBTP19‐1008

10/24/08

CAA08‐SB06‐1008

CAA08‐SO05

CAA08‐SB05‐1008

10/24/08

CAA08‐SO06 CAA08‐SO08

CAA08‐SB08‐1008

10/28/08

CAA08‐SB06P‐1008

10/27/08

0.5‐2' 20' 0.5‐2'

10/27/08

0.5‐2' 0.5‐2' 0.5‐2'

95 86 84 82 86 90
8.4 7.8 5.2 NA 8.6 7.4

7,900 K 2,700 K 800 K NA 7,300 4,500 K
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TABLE 7‐2
AOC 8 Subsurface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date

Sample Depth

Chemical Name

Volatile Organic Compounds (UG/KG)
1,4‐Dichlorobenzene ‐‐ ‐‐ 12,000 2,400
2‐Butanone ‐‐ ‐‐ 20,000,000 2,800,000

Semivolatile Organic Compounds (UG/KG)
No Detections

Pesticide/Polychlorinated Biphenyls (UG/KG)
4,4'‐DDD ‐‐ 583 7,200 2,000
4,4'‐DDE ‐‐ 114 5,100 1,400
4,4'‐DDT ‐‐ 100 7,000 1,700
alpha‐BHC ‐‐ 226 270 77
Aroclor‐1260 ‐‐ 8,000 740 220
Endrin ‐‐ 1.95 18,000 1,800
Endrin aldehyde ‐‐ 1.95 18,000 1,800
Heptachlor ‐‐ ‐‐ 380 110
Heptachlor epoxide ‐‐ 52.9 190 53

Explosives (UG/KG)
No Detections

Total Metals (MG/KG)
Aluminum 13,000 pH < 5.5 99,000 7,700
Antimony ‐‐ 78.0 41 3.1
Arsenic 5.54 18.0 1.6 0.39
Barium 84.5 330 19,000 1,500
Beryllium 0.52 40.0 200 16
Cadmium ‐‐ 32.0 80 7
Calcium 2,380 ‐‐ ‐‐ ‐‐
Chromium 33.7 64.0 5.6 0.29
Cobalt 5.18 13.0 30 2.3
Copper 3.17 70.0 4,100 310
Iron 32,000 pH < 5 or pH > 8 72,000 5,500
Lead 8.79 120 800 400
Magnesium 1,120 ‐‐ ‐‐ ‐‐
Manganese 176 220 2,300 180
Mercury 0.14 0.10 31 2.3
Nickel 17.6 38.0 2,000 150
Potassium 901 ‐‐ ‐‐ ‐‐
Selenium 0.64 0.52 510 39
Sodium 811 ‐‐ ‐‐ ‐‐
Vanadium 48.3 130 520 39
Zinc 28 120 31,000 2,300

CLEAN CAX 
BKG SB

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010)

10 U 10 U
10 U 10 U

3.5 U 3.5 U
3.5 U 3.5 U
3.5 U 3.5 U
1.8 U 1.8 U
35 U 35 U
3.5 U 3.5 U
3.5 U 3.5 U
1.8 U 1.8 U
1.8 U 1.8 U

7,500 7,480
3.3 UL 3.9 UL
1.8 L 2.1 L

41.8 46.9
0.35 0.4
0.27 U 0.33 U
331 J 350 J
7.4 K 7.6 K
1.8 J 2.1 J
1.6 1.6

4,380 4,700
6.2 6.9
510 508
59 L 72.5 L
0.1 UL 0.11 UL
3.3 3.5
341 314 J
1.9 U 2.3 U
31 J 25.8 J

10.7 10.7
10.6 11.2

CAA08‐SO09

CAA08‐SB09P‐1008

10/28/08

CAA08‐SB09‐1008

10/28/08

0.5‐2'0.5‐2'
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TABLE 7‐2
AOC 8 Subsurface Soil Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID

Sample Date

Sample Depth

Chemical Name

CLEAN CAX 
BKG SB

Eco Surface Soil 
Screening Value

CLEAN RSLs 
Industrial Soil 
Adjusted (Nov. 

2010)

CLEAN RSLs 
Residential Soil 
Adjusted (Nov. 

2010)

Wet Chemistry
% Solids (pct) ‐‐ ‐‐ ‐‐ ‐‐
pH (ph) ‐‐ ‐‐ ‐‐ ‐‐
Total organic carbon (TOC) (ug/g) ‐‐ ‐‐ ‐‐ ‐‐

Notes: 23 ‐ CAX AOCs Final Report\Tables\Section 7 ‐ AOC 8\[Revised Table 7‐2_aoc8_sb
Exceeds Background Victoria Brynildsen
Exceeds BKG & ECO #############
Exceeds BKG & Res RSL

Exceeds BKG, Res & Ind RSLs

Exceeds BKG, ECO, Res & Ind RSLs

Bold indicates detection

‐‐ ‐ No value available

NA ‐ Not analyzed

B ‐ Analyte not detected above the level reported in blanks

J ‐ Analyte present, value may or may not be accurate or 
precise
K ‐ Analyte present, value may be biased high, actual value 
may be lower
L ‐ Analyte present, value may be biased low, actual value may 
be higher
R ‐ Unreliable Result

U ‐ Analyte not detected 

UL ‐ Analyte not detected, quantitation limit is probably higher

MG/KG ‐ Milligrams per kilogram

PCT ‐ Percent

PH ‐ pH units

UG/G ‐ Micrograms per gram

UG/KG ‐ Micrograms per kilogram

CAA08‐SO09

CAA08‐SB09P‐1008

10/28/08

CAA08‐SB09‐1008

10/28/08

0.5‐2'0.5‐2'

94 95
5.7 NA

8,100 NA
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TABLE 7‐3
AOC 8 Groundwater Detection and Exceedance Results
Site Inspection Report: Areas of Concern 1, 2, 6, 7 and 8
Cheatham Annex
Williamsburg, Virginia

Station ID
Sample ID
Sample Date

Chemical Name

Volatile Organic Compounds (UG/L)
Tetrachloroethene ‐‐ 45.0 5 0.11 10 U 7 J 10 U 10 U 10 U

Semivolatile Organic Compounds (UG/L)
No Detections

Pesticide/Polychlorinated Biphenyls (UG/L)
No Detections

Explosives (UG/L)
No Detections

Total Metals (UG/L)
Aluminum 2,230 87.0 ‐‐ 3,700 1,050 B 1,900 127 B 841 470
Arsenic 2.28 36.0 10 0.045 5.6 B 10.1 B 4.3 B 14.6 13.9 B
Barium 118 200 2,000 730 15.2 J 20.6 J 12.7 J 16.7 J 15.8 J
Beryllium 2.45 100 4 7.3 5 U 0.18 J 5 U 5 U 5 U
Cadmium 0.605 8.85 5 1.8 0.19 B 1.1 J 0.52 B 0.85 J 0.67 B
Calcium 169,000 ‐‐ ‐‐ ‐‐ 99,300 76,800 83,800 96,700 92,800
Cobalt 20.6 23.0 ‐‐ 1.1 4.4 J 3 B 1.1 J 5.8 J 5.4 J
Iron 894 1,000 ‐‐ 2,600 1,700 B 3,270 B 433 B 8,300 7,400
Lead 21.3 8.52 15 ‐‐ 10 U 3.1 B 1.2 J 1.1 J 10 U
Magnesium 11,500 ‐‐ ‐‐ ‐‐ 2,540 J 1,750 J 2,310 J 3,720 J 3,590 J
Manganese 57.9 100 ‐‐ 88 55.8 60.4 20.7 246 238
Potassium 12,700 ‐‐ ‐‐ ‐‐ 1,220 J 1,510 J 548 L 3,410 J 3,210 J
Selenium ‐‐ 71.1 50 18 1.4 J 35 U 35 U 35 U 35 U
Sodium 64,500 ‐‐ ‐‐ ‐‐ 4,270 J 6,950 7,680 16,200 15,600
Vanadium 26.2 50.0 ‐‐ 18 3.6 B 8.2 J 0.62 B 3.4 B 2 B

Dissolved Metals (UG/L)
Aluminum, Dissolved 100 87.0 ‐‐ 3,700 122 J 135 J 114 B 140 J 125 J
Arsenic, Dissolved 1.37 36.0 10 0.045 4.5 B 4.4 B 4.6 B 13.8 12.4 B
Barium, Dissolved 127 200 2,000 730 12.2 J 13.5 J 13.3 J 14.8 J 14.7 J
Calcium, Dissolved 113,000 ‐‐ ‐‐ ‐‐ 99,500 76,400 84,100 92,300 91,700
Chromium, Dissolved 6.04 50.0 100 0.043 0.76 J 10 U 0.51 J 10 U 0.41 J
Cobalt, Dissolved 0.7 23.0 ‐‐ 1.1 1.5 J 1.5 J 0.82 J 5.2 J 5.2 J
Copper, Dissolved 3 3.10 1,300 150 1.7 B 0.91 B 25 U 1.4 J 25 U
Iron, Dissolved 275 1,000 ‐‐ 2,600 49.3 B 208 295 6,650 6,720
Magnesium, Dissolved 11,200 ‐‐ ‐‐ ‐‐ 2,370 J 1,280 J 2,280 J 3,520 J 3,550 J
Manganese, Dissolved 49.5 100 ‐‐ 88 16.4 32.4 17.7 240 237
Nickel, Dissolved 12.2 8.20 ‐‐ 73 2.7 B 5.5 J 3.6 J 3 B 3.2 J
Potassium, Dissolved 12,600 ‐‐ ‐‐ ‐‐ 852 L 932 L 584 L 3,130 J 3,140 J
Sodium, Dissolved 62,800 ‐‐ ‐‐ ‐‐ 4,280 J 6,820 7,690 15,900 15,700

Thallium, Dissolved ‐‐ 21.3 2 0.0371 25 U 1.6 B 25 U 1.9 J 25 U
Vanadium, Dissolved 4.3 50.0 ‐‐ 18 50 U 0.64 J 0.54 J 0.54 J 0.43 J

Notes: 23 ‐ CAX AOCs Final Report\Tables\Section 7 ‐ AOC 8\[Revised Table 7‐3_aoc8_gw_v2.xls]
Exceeds Background Victoria Brynildsen
Exceeds BKG & ECO 12/2/2010 10:39
Exceeds BKG & Tapwater RSL

Exceeds BKG, Tapwater RSL & MCL

Exceeds BKG, ECO & Tapwater RSL

Bold indicates detection
1Adjusted June 2011 RSL

‐‐ ‐ No value available

B ‐ Analyte not detected above the level reported in blanks

J ‐ Analyte present, value may or may not be accurate or precise

L ‐ Analyte present, value may be biased low, actual value may be higher

U ‐ Analyte not detected

UG/L ‐ Micrograms per liter

10/27/08

CLEAN CAX BKG 
GW YE AQUIFER

CLEAN MCL‐
Groundwater (Nov. 

2010)

CLEAN RSLs Tapwater 
Adjusted (Nov. 2010)

CAA08‐DW01

CAA08‐DW01‐1008

10/28/08

Eco Surface Water 
Screening Value ‐ Marine CAA08‐DW04‐1008

10/27/08

CAA08‐DW04P‐1008

10/27/08

CAA08‐DW04CAA08‐DW02

CAA08‐DW02‐1008

10/28/08

CAA08‐DW03

CAA08‐DW03‐1008
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From: Smith, Wade (DEQ) <Wade.Smith@deq.virginia.gov>
Sent: Monday, August 06, 2012 9:13 AM
To: scott.park@navy.mil
Cc: Ivester, Marlene/VBO; Sawyer, Stephanie/VBO; Haug.Susanne@epamail.epa.gov
Subject: CAX: AOC 8 SAP - DEQ Comments

Follow Up Flag: Follow up
Flag Status: Completed

Thank you for giving the DEQ the opportunity to comment on the July 2012 Draft SAP for AOC 8 at CAX. 

The Draft SAP was received by the DEQ on July 6, 2012. 

Based on the scoping sessions associated with this Draft SAP, the DEQ concurs with the Sampling Design and Rationale 
and has two additional minor comments on the document: 

 Please replace John Burchette with Susanne Haug, EPA RPM, throughout document as appropriate; and 

        Please replace “summed up” with “summarized” in Section 2.1.1. 

Upon your submittal of the Draft Final SAP, the DEQ will issue an official letter for your files. 

Please let me know if you have any questions. 

Sincerely, 

Wade M. Smith 
Remediation Project Manager 
Virginia Department of Environmental Quality 
Office of Remediation Programs 
Phone: (804) 698-4125 
wade.smith@deq.virginia.gov 



Response to Comments 
Remedial Investigation 

Sampling and Analysis Plan 
AOC 8 – Area South of Site 7 

Naval Weapons Station Yorktown Cheatham Annex 
Williamsburg, VA 
January 3, 2013 

 
 

Comments received by email on August 6, 2012 from Wade Smith, Virginia Department of Environmental Quality. 

VDEQ Comment 1:   Please replace John Burchette with Susanne Haug, EPA RPM, throughout document as appropriate. 

Response:  The UFP-SAP was revised to reference Sue Haug (as opposed to John Burchette) as the EPA RPM where applicable. 

VDEQ Comment 2:   Please replace “summed up” with “summarized” in Section 2.1.1. 

Response:  As recommended by the DEQ, the suggested edit was made. 



 
 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION III 
1650 Arch Street 

Philadelphia, Pennsylvania 19103-2029 
 

 
 

February 6, 2013 
 
 
 
Mr. Scott Park 
NAVFAC MIDLANT, Building N-26, Room 3208 
Attention: Code OPHE3, Mr. Scott Park 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 
 
Subject:  Response to Comments, Remedial Investigation, Sampling and Analysis Plan, AOC 8 – 

Area South of Site 7, Naval Weapons Station Yorktown Cheatham Annex, 
Williamsburg, Virginia, January 3, 2013 

 
Mr. Park: 
 
Thank you for the opportunity to review the subject document. Although many responses were 
acceptable, others require further discussion as described below. Any responses not listed below 
are acceptable. We would be happy to discuss any comments on a phone conference. 
 
1. Comment 5 stated that because the data collected from the proposed soil and groundwater 

samples will be used in the remedial investigation and the variability that can occur 
between samples of these media, analyses of the proposed samples need to include the 
original list of contaminants used in the former site investigation process.  The RTC 
states that spatial coverage is adequate to determine contaminants of potential concern 
(COPCs), thus no additional analytes are needed.  While the area of AOC 8 is not large 
(approximately 210 feet by 350 feet), there were only 5 soil sample locations and 4 
groundwater/soil sample locations sampled.  However, approximately 50% of the surface 
area of AOC 8 did not have soil or groundwater/soil sample locations.  Therefore, the 
limited number of samples and the limited area sampled along with the variability of 
concentrations that can be found in soil samples suggests that identifying COPCs at the 
site investigation stage at AOC 8 is premature. 
 

2. Comment 6 stated that the location of the debris outcrops should be identified to ensure 
the previous and proposed sampling locations include this area as a potential source of 
contamination.  The RTC states that the debris outcrop is inside the berm of AOC 8.  Due 
to the fact that this AOC is located less than 70 feet from the cliff that is adjacent to the 
York River opens up the concern of whether contamination from this site has entered the 
York River or habitats adjacent to the York River via groundwater migration or surface 



 
water flow (before the berm was installed).  Two soil samples should be collected on the 
east side of the site between the berm and the edge of the cliff. 
 

3. Also pertaining to the RTC for Comment 6, the RTC states that the 2008 site 
investigation soil sample locations have adequately characterized this area as a potential 
source of contamination.  This debris area is identified in Figure 1 (attached to the RTC). 
According to this attached figure, there are no historical or proposed soil samples in the 
vicinity of this debris area. 
 

4. Comment 7 stated that food chain modeling should be performed for receptors with small 
home ranges (e.g., short-tailed shrew [Blarina brevicauda] shrew and American robin 
[Turdus migratorius]).  The RTC states that while the total site area may be 1.5 acres, 
only about 0.25 acres of the site has surface debris and 0.7 acres has buried debris.  The 
RTC states that these areas are too small for significant exposure to occur for upper-
trophic level receptors.  BTAG still does not support this position.  Even if area use is not 
100% because of the small size of the site, food chain modeling should be performed on 
receptors with small home ranges to assess this exposure pathway. 
 

5. Comment 9 stated that the initial and final COPCs for plants and invertebrates need to be 
based on maximum concentrations, not mean values.  The RTC states that final COPCs 
(Step 3A) will consider mean and 95% UCL soil concentrations, per Navy ERA 
guidance.  While comparison to means and 95% UCL soil concentrations can be used to 
establish a risk range, chemicals should not be deleted as COPCs based on a comparison 
to means alone. This issue should be clarified. 
 

6. Comment 13 stated that it is unlikely that buried debris exists below the groundwater 
table, which is estimated to be less than 30 feet bgs.  The comment stated that 
information should be provided to support this statement, otherwise it should be removed. 
The RTC states that while it is not irrefutable, the depth to groundwater data can infer the 
likely maximum depth of debris at the site.  Based on data from other Superfund Sites 
pertaining to buried debris and the depth to water, the stated inference (e.g., depth to 
groundwater is the likely maximum depth of debris) may not be correct, particularly since 
the groundwater table can fluctuate seasonally and annually. 
 

7. Comment 16 stated that additional information needed to be provided to support the use 
of the 50 microgram per kilogram (µg/kg) as the threshold for routine basewide pesticide 
application.  The RTC states that this threshold was based on a discussion with BTAG, 
and that BTAG stated that the background from routine spraying tends to be less than 50 
µg/kg.  While background from routine spraying would be less than 50 µg/kg, it is likely 
much lower than this level.  BTAG recommends that a site-specific threshold be 
developed with data collected from sites on the base where pesticides were not handled or 
disposed and thus only received routine aerial pesticide application. 

 
 
 



Sincerely, 

Susanne Haug, P.E. 

NPL/BRAC Federal Facilities Branch 

 
If you have any questions, please contact me at 215-814-3394. 

    

cc:  Wade Smith, VDEQ            



Round 2 Response to Comments 
Remedial Investigation 

Sampling and Analysis Plan 
AOC 8 – Area South of Site 7 

Naval Weapons Station Yorktown Cheatham Annex 
Williamsburg, VA 

April 9, 2013 

Comments received by email on February 6, 2013 from Susanne Haug, Environmental Protection 
Agency, Region 3. Subsequently, the USEPA, the VDEQ, the Navy, and CH2M HILL (and their associated 
technical support) discussed and agreed on how to address each comment during a conference call on 
March 28, 2013. 

EPA Comment #1: Comment 5 stated that because the data collected from the proposed soil and 
groundwater samples will be used in the remedial investigation and the variability that can occur 
between samples of these media, analyses of the proposed samples need to include the original list of 
contaminants used in the former site investigation process.  The RTC states that spatial coverage is 
adequate to determine contaminants of potential concern (COPCs), thus no additional analytes are 
needed.  While the area of AOC 8 is not large (approximately 210 feet by 350 feet), there were only 5 soil 
sample locations and 4 groundwater/soil sample locations sampled.  However, approximately 50% of the 
surface area of AOC 8 did not have soil or groundwater/soil sample locations.  Therefore, the limited 
number of samples and the limited area sampled along with the variability of concentrations that can be 
found in soil samples suggests that identifying COPCs at the site investigation stage at AOC 8 is 
premature. 

Navy Response: Since COPCs have not formally been identified, all references to COPCs will be removed 
from the UFP-SAP in favor of “site-related contaminants.”  

During the March 28, 2013 conference call, the CAX Partnering Team, with the concurrence of technical 
support, agreed that in order to address the EPA’s concern that there are a limited number of soil 
samples within the area of surface debris, three 5-point composite surface soil (0-6” bgs) and three 5-
point composite subsurface soil (6-24”) samples will be collected from the area of observed surficial 
debris (attached Figure 1). The surface and subsurface sample components making up the 5-point 
composites will be co-located, and will be collected from each of 3 roughly equal-sized areas comprising 
the surface debris area as shown in Figure 1. In substitution for the additional three 5-point composite 
samples within the surface debris area, the originally proposed discrete surface and subsurface soil 
sample to be collected at the groundwater sampling location within this area will not be collected. The 
5-point composite samples will be analyzed for PAHs, pesticides, PCBs, and metals. (Note: An additional 
5-point composite sample to be collected from the vicinity of the visible debris within the berm is 
discussed in the response to EPA Comment #3 below.) 

In addition, during this conference call, the USEPA’s technical support expressed some concerns about 
the absence of soil samples within the low-lying area located east of where buried debris was 
encountered. To address this concern, the CAX Partnering Team, with the concurrence of technical 
support, agreed that the co-located surface and subsurface soil samples, originally to be co-located with 
the southeastern-most monitoring well, would be moved to within the low-lying area (approximate 
location shown on attached Figure 1; actual location will be determined in the field). The co-located 



surface and subsurface soil samples at this location will be analyzed for PAHs, pesticides, PCBs, and 
metals.  

With the addition of the three co-located surface/subsurface soil 5-point composite samples in the 
surface debris area in substitution for one discrete sample location, the movement of one co-located 
surface/subsurface soil sample location to within the low-lying area of the site, and the fact that all the 
existing SI soil data (which included full suite analysis) will be further evaluated in the RI and  
incorporated into the human health and ecological risk assessments, the CAX Partnering Team agreed 
that the numbers and locations of the samples to be evaluated in the RI are sufficient to achieve the 
objectives of the RI. The UFP-SAP was updated to include the sampling and analysis of the soil samples 
outlined above. 

EPA Comment #2: Comment 6 stated that the location of the debris outcrops should be identified to 
ensure the previous and proposed sampling locations include this area as a potential source of 
contamination.  The RTC states that the debris outcrop is inside the berm of AOC 8.  Due to the fact that 
this AOC is located less than 70 feet from the cliff that is adjacent to the York River opens up the concern 
of whether contamination from this site has entered the York River or habitats adjacent to the York River 
via groundwater migration or surface water flow (before the berm was installed).  Two soil samples 
should be collected on the east side of the site between the berm and the edge of the cliff. 

Navy Response: Based on field observations, it appears as though the so-called berm was not “installed” 
as a berm following debris disposal activities at AOC 8, but is rather a remnant feature created as a 
result of borrow material excavation activities at the site prior to waste disposal. This is evident by the 
fact that the topographic elevations of the areas surrounding the site are consistent with the elevations 
of the top of the berm (see attached photographs). Based on the evidence that the so-called berm is a 
remnant from pre-waste disposal excavation activities, there would have been no contamination from 
the site that migrated via surface water flow or entered the York River via groundwater migration or 
surface water flow before the berm was present.  

As shown in the attached photographs, the eastern extent of the so-called berm forms the edge of the 
cliff that drops down 20 feet to the York River. Therefore, the team agreed during the March 28, 2013 
conference call, no soil sampling east of the berm in this area was necessary. However, as part of the RI, 
two groundwater samples are being collected from as close to the York River as site conditions allow.  

As previously stated in the Round 1 RTCs, the RI data will be evaluated to determine whether or not data 
gaps exist. If this evaluation indicates additional RI data are needed (such as searching for groundwater 
seeps or evaluating potential groundwater discharge areas) to adequately fulfill the objectives of the RI, 
an addendum to the UFP-SAP will be prepared for Partnering Team review, prior to the completion of 
the RI Report. No additional changes were made to the SAP. 

EPA Comment #3: Also pertaining to the RTC for Comment 6, the RTC states that the 2008 site 
investigation soil sample locations have adequately characterized this area as a potential source of 
contamination.  This debris area is identified in Figure 1 (attached to the RTC). According to this attached 
figure, there are no historical or proposed soil samples in the vicinity of this debris area. 

Navy Response: While several soil samples have been collected in the area downslope of the visible 
debris along the inside of the berm, no samples have been collected in the immediate vicinity of this 
debris. Therefore, during the March 28, 2013 conference call the CAX Partnering Team, with the 
concurrence of technical support, agreed that one 5-point composite surface (0-6” bgs) and one 5-point 
composite subsurface (6-24” bgs) soil sample will be collected from the immediate area of the visible 
debris (see the area along the northern edge of the site boundary in the attached Figure 1). This soil 



sample will be analyzed for PAHs, pesticides, PCBs, and metals. The UFP-SAP was updated to include the 
collection of this soil sample. 

EPA Comment #4: Comment 7 stated that food chain modeling should be performed for receptors with 
small home ranges (e.g., short-tailed shrew [Blarina brevicauda] shrew and American robin [Turdus 
migratorius]).  The RTC states that while the total site area may be 1.5 acres, only about 0.25 acres of the 
site has surface debris and 0.7 acres has buried debris.  The RTC states that these areas are too small for 
significant exposure to occur for upper-trophic level receptors.  BTAG still does not support this position.  
Even if area use is not 100% because of the small size of the site, food chain modeling should be 
performed on receptors with small home ranges to assess this exposure pathway. 

Navy Response: Food web modeling will be added to the risk assessment. However, appropriate Area 
Use Factors may be applied to account for the small size of the potentially impacted areas. The 
Ecological Decision Logic (Section 2.3.2) in the SAP was revised to include Food web modeling. 

EPA Comment #5: Comment 9 stated that the initial and final COPCs for plants and invertebrates need to 
be based on maximum concentrations, not mean values.  The RTC states that final COPCs (Step 3A) will 
consider mean and 95% UCL soil concentrations, per Navy ERA guidance.  While comparison to means 
and 95% UCL soil concentrations can be used to establish a risk range, chemicals should not be deleted 
as COPCs based on a comparison to means alone. This issue should be clarified. 

Navy Response: In Step 3A, central tendency exposure point concentrations (mean and 95% UCL) will be 
a primary consideration in determining if a chemical should be identified as a COPC, as will comparisons 
to background concentrations. However, other factors, such as the magnitude of the maximum HQ and 
the spatial pattern of screening value exceedances, will also be considered when making this 
determination. This information was added to Section 2.3.2 of the SAP. 

EPA Comment #6: Comment 13 stated that it is unlikely that buried debris exists below the groundwater 
table, which is estimated to be less than 30 feet bgs.  The comment stated that information should be 
provided to support this statement, otherwise it should be removed. The RTC states that while it is not 
irrefutable, the depth to groundwater data can infer the likely maximum depth of debris at the site.  
Based on data from other Superfund Sites pertaining to buried debris and the depth to water, the stated 
inference (e.g., depth to groundwater is the likely maximum depth of debris) may not be correct, 
particularly since the groundwater table can fluctuate seasonally and annually. 

Navy Response: As discussed during the March 28, 2013 conference call, the original 
response/resolution to Comment #13 (“….. this text was deleted from the UFP-SAP……”) is acceptable. 
No additional changes were made to the SAP. 

EPA Comment #7: Comment 16 stated that additional information needed to be provided to support the 
use of the 50 microgram per kilogram (µg/kg) as the threshold for routine basewide pesticide 
application.  The RTC states that this threshold was based on a discussion with BTAG, and that BTAG 
stated that the background from routine spraying tends to be less than 50 µg/kg.  While background 
from routine spraying would be less than 50 µg/kg, it is likely much lower than this level.  BTAG 
recommends that a site-specific threshold be developed with data collected from sites on the base where 
pesticides were not handled or disposed and thus only received routine aerial pesticide application. 

Navy Response: The results of the SI, as presented in the UFP-SAP, show that the source of 
contamination at AOC 8 is the buried debris (wood, concrete, glass, plexiglass, various metal debris, and 
construction debris). There is no evidence that pesticides were ever handled or disposed of at AOC 8. 
Therefore, any pesticide detections in soil at AOC 8 are likely the result of routine, aerial pesticide 



applications. However, during the March 28, 2013 conference call, the CAX Partnering Team agreed to 
no longer use a pesticide threshold value to determine whether or not site pesticide detections are a 
result of routine pesticide applications. As a result, all detections of pesticides will be evaluated in the RI 
and human health and ecological risk assessments. All references to the 50 µg/kg basewide pesticide 
threshold value were removed from the SAP. 
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Figure 1
Proposed Sample Changes

AOC 8 Remedial Investigation UFP-SAP RTCs
Cheatham Annex
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Photo 1: View of the east side of the berm, facing North.  

 

Photo 2: View of the edge of the cliff from the top of the berm in the middle of the AOC 8 eastern site 
boundary. 
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Photo 3: View of the east side of the berm, facing South.  

 

Photo 4: View of the area surrounding AOC 8, facing southeast. Photo taken from the top of the berm 
with the edge of the berm behind the photographer. 

York River 

Edge of Cliff 



 

Photo 5: View of AOC 8, facing northwest. Photo taken from the top of the berm, from the same 
location as Photo 4, above. 
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Figure 2
AOC 8 Site Map
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Sincerely, 

Susanne Haug, P.E. 

NPL/BRAC Federal Facilities Branch 

 
 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION III 
1650 Arch Street 

Philadelphia, Pennsylvania 19103-2029 
 

 
May 30, 2013 

 
Mr. Scott Park 
NAVFAC MIDLANT, Building N-26, Room 3208 
Attention: Code OPHE3, Mr. Scott Park 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 
 
Subject:  Round 2 Response to Comments, Remedial Investigation, Sampling and Analysis Plan, 

AOC 8 – Area South of Site 7, Naval Weapons Station Yorktown Cheatham Annex, 
Williamsburg, Virginia, April 9, 2013 

 
Mr. Park: 
 
Thank you for the opportunity to review the subject document. One response requires further 
discussion. All other comments are acceptable. 
 
EPA comment 5 stated that the initial and final COPCs for plants and invertebrates need to be 
based on maximum concentrations, not mean concentrations. The RTC states that in Step 3A, 
central tendency exposure point concentrations (mean and 95% UCL) will be a primary 
consideration in determining if a chemical should be identified as a COPC. The RTC goes on to 
indicate that other factors (e.g., magnitude of the maximum HQ and spatial pattern of screening 
value exceedances) will also be considered when making this determination. While central 
tendency concentrations can be considered as part of Step 3A, risk to plants and invertebrates 
should not be eliminated based on this comparison alone. Because these receptors have no or 
limited mobility, more emphasis should be placed on 95% UCL and maximum concentrations 
and the spatial pattern of screening value exceedances when determining what chemicals should 
be COPCs. 
 
If you have any questions, please contact me at 215-814-3394. 

 

cc:  Wade Smith, VDEQ            



Round 3 Response to Comments 
Remedial Investigation 

Sampling and Analysis Plan 
AOC 8 – Area South of Site 7 

Naval Weapons Station Yorktown Cheatham Annex 
Williamsburg, VA 

June 3, 2013 

Comments received by email on May 30, 2013 from Susanne Haug, Environmental Protection Agency, 
Region 3. 

EPA Comment #1: EPA comment 5 stated that the initial and final COPCs for plants and invertebrates 
need to be based on maximum concentrations, not mean concentrations. The RTC states that in Step 3A, 
central tendency exposure point concentrations (mean and 95% UCL) will be a primary consideration in 
determining if a chemical should be identified as a COPC. The RTC goes on to indicate that other factors 
(e.g., magnitude of the maximum HQ and spatial pattern of screening value exceedances) will also be 
considered when making this determination. While central tendency concentrations can be considered as 
part of Step 3A, risk to plants and invertebrates should not be eliminated based on this comparison 
alone. Because these receptors have no or limited mobility, more emphasis should be placed on 95% UCL 
and maximum concentrations and the spatial pattern of screening value exceedances when determining 
what chemicals should be COPCs. 

Navy Response: Comment noted. A draft AOC 8 RI Report will be submitted to the EPA for review prior 
to finalization. During their review of the draft RI Report, the EPA can provide comments on the method 
used to eliminate COPCs. No changes were made to the SAP. 



Sincerely, 

Susanne Haug, P.E. 

NPL/BRAC Federal Facilities Branch 

 
 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION III 
1650 Arch Street 

Philadelphia, Pennsylvania 19103-2029 
 

 
June 21, 2013 

 
Mr. Scott Park 
NAVFAC MIDLANT, Building N-26, Room 3208 
Attention: Code OPHE3, Mr. Scott Park 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 
 
Subject:  Round 3 Response to Comments, Remedial Investigation, Sampling and Analysis Plan, 

AOC 8 – Area South of Site 7, Naval Weapons Station Yorktown Cheatham Annex, 
Williamsburg, Virginia, June 3, 2013 

 
Mr. Park: 
 
Thank you for the opportunity to review the subject document. We disagree with the response 
and how the Navy proposes to determine what chemicals should be COPCs. However, you may 
move forward as you planned and the EPA will do our own analysis and revisit this issue during 
our review of the Remedial Investigation Report. 
 
If you have any questions, please contact me at 215-814-3394. 

 

cc:  Wade Smith, VDEQ            



 

 

Regulatory Acceptance 



  

Douglas W. Domenech 
Secretary of Natural Resources 

COMMONWEALTH of VIRGINIA 
DEPARTMENT OF ENVIRONMENTAL QUALITY 

Street address: 629 East Main Street, Richmond, Virginia 23219 
Mailing address: P.O. Box 1105, Richmond, Virginia 23218 

TDD (804) 698-4021 
www.deq.virginia.gov  

David K. Paylor 
Director 

(804) 698-4000 
1-800-592-5482 

June 18, 2013 

Mr. Scott Park 
NAVFAC MIDLANT, Building N-26 
Hampton Roads Restoration Product Line, Code OPHREV4 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 

Tier II Sampling and Analysis Plan 
AOC 8 — Area South of Site 7 
Naval Weapons Station Yorktown 
Cheatham Annex 
Williamsburg, Virginia 

Dear Mr. Park: 

The Virginia Department of Environmental Quality (DEQ) has received the Draft Final Tier II Sampling 
and Analysis Plan (SAP) for AOC 8 at Naval Weapons Station Yorktown, Cheatham Annex (CAX), 
Williamsburg, Virginia. The SAP, prepared by CH2M HILL, was received by the DEQ (electronically) 
on June 3, 2013. 

Thank you for providing the DEQ's Office of Remediation Programs the opportunity to review the above-
referenced SAP. Subsequent to DEQ's internal review, this office concurs with the proposed text 
revisions and recommends submittal of the Final Tier II Sampling and Analysis Plan. 

Please contact me at (804) 698-4125 or wade.smith@deq.virginia.gov  with any additional questions. 

Sincerely, 

Wade M. Smi 
Remediation Project Manager 
Office of Remediation Programs 

cc: 	Susanne Haug, EPA 

COMMONWEALTH of VIRGINIA 

Douglas W. Domenech 
Secreta!)' of Natural Resources 

DEPARTMENT OF ENVIRONlvJENTAL QUALITY 
Street address: 629 East Main Street, Richmond, Virginia 232 19 

Mailing address: P.O. Box 1105, Richmond, Virginia 23218 
TOO (804) 698-4021 
www .deq. virgin ia.gov 

June 18, 2013 

Mr. Scott Park 
NA VF AC MIDLANT, Building N-26 
Hampton Roads Restoration Product Line, Code OPHREV 4 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 

Tier II Sampling and Analysis Plan 
AOC 8 -Area South of Site 7 
Naval Weapons Station Yorktown 
Cheatham Annex 
Williamsburg, Virginia 

Dear Mr. Park: 

David K. Paylor 
Director 

(804) 698-4000 
1-800-592-5482 

The Virginia Department of Environmental Quality (DEQ) has received the Draft Final Tier II Sampling 
and Analysis Plan (SAP) for AOC 8 at Naval Weapons Station Yorktown, Cheatham Annex (CAX), 
Williamsburg, Virginia. The SAP, prepared by CH2M HILL, was received by the DEQ (electronically) 
on June 3, 2013. 

Thank you for providing the DEQ's Office of Remediation Programs the opportunity to review the above
referenced SAP. Subsequent to DEQ's internal review, this office concurs with the proposed text 
revisions and recommends submittal of the Final Tier II Sampling and Analysis Plan. 

Please contact me at (804) 698-4125 or wade.smith@deq.virginia.gov with any additional questions. 

cc: Susanne Haug, EPA 

Sincerely, 

~~? 
Remediation Project Manager 
Office of Remediation Programs 



Sincerely, 

I 

Susanne Haug, P.E. 

NPL/BRAC Federal Facilities Branch 

 
 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION III 
1650 Arch Street 

Philadelphia, Pennsylvania 19103-2029 

 
 

June 28, 2013 
 
Mr. Scott Park 
NAVFAC MIDLANT, Building N-26, Room 3208 
Attention: Code OPHE3, Mr. Scott Park 
9742 Maryland Avenue 
Norfolk, VA 23511-3095 
 

Subject:  Round 3 Response to Comments, Remedial Investigation, Sampling and Analysis Plan, 
AOC 8 – Area South of Site 7, Naval Weapons Station Yorktown Cheatham Annex, 
Williamsburg, Virginia, June 3, 2013 

 
Mr. Park: 
 
The U.S. Environmental Protection Agency (EPA) has reviewed the response to the remaining 
comment and the latest version of the Sampling and Analysis Plan for AOC 8 – Area South of 
Site 7. Although we disagree with the response to the comment we accept the report. This 
acceptance should not be construed as an acceptance of the Navy’s proposal on how COPCs will 
be determined. The Navy can move forward as planned and the EPA will do its own analysis and 
revisit this issue during our review of the Remedial Investigation Report 
 
 
If you have any questions, please contact me at 215-814-3394. 

 

cc:  Wade Smith, VDEQ            
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